TARTU STATE UNIVERSITY

ORGANIC REACTIVITY

English Edition
of

PeakunoHHass cnocobHOCTb
OpraHM4YeckmMx coepuHeHUU

Vol . XVI
ISSUE 4(60)
December 1979

TARTU




TARTU STATE UNIVERSITY

ORGANIC REACTIVITY

English Edition
of

PeakunoHHas cnocobHocTb
OPraHn4Yecknx coeguHeHun

Vol . XVI
ISSUE 4(60)
December 1979

TARTU



CONTENTS

Yanchuk, Kinetic Regularities of the Reactions

of Hydrazides of Organophosphorus Acids with Phenyl-
180thi0Cyanate.ccsssesecossssccssssscscsccscrcscscsceh
Starostin, I.Erauklish,and V. S i-

n e v, Study of the Kinetics of Solvolysis of Bis-
—~Chloromethylnitramine in Binary Water-Organic Sol-

vent Systems.........................................429
Danileviciute,G.Dienys, and
O.Adomenien e, Kinetics of Nucleophilic Ad-
dition of Aliphatic Amines to Acrylamide and Acryl-
ANI14AC . e eceocosscaceasoscsassscassassssssssscascessedS
Puulmets, N.Palm, M. Liitmaa, and

S. R a n g, Kinetics of the Reaction of Phenyl Acet-
ylene with Organo-Magnesium CompoundB..e.csecoscocescastltO
Istomin,B.Finkelstedin,andG. E1i-

8 e e v a, Comparative Investigation of Nucleophilic
Substitution Reactions at Phosphoryl and Carbonyl
Centers. IX.Non-Additive Influence of Alkyl Substit-
uents on Alkaline Hydrolyses of RIC(O)OR2 and
RIC(O)SRZ............................................4
Istominand G. E1 i s ee v a, Comparative In-
vestigation of Nucleophilic Substitution Reactions at
Phosphoryl and Carbonyl Centers. X.Effects of Acyl and
Leaving Group Structures on Alkaline Hydrolysis of
Phenyl Thionphosphinates.............................45?
Istomin,G.Eliseeva,and A. Kalabi-

n a, Comparative Investigation of Nucleophilic Sub-
stitution Reactions at Phosphoryl and Carbonyl Centers.
XI.Alkaline Hydrolysis of Phenyl Dimethylthionphos-
phinates in Aqueous Ethanol. Comparison with Phenyl
ACetateB.cccceevsssscsncnscccrssssoscssscssccnnscccceslf8
Istominand G. E11iseeva, Comparative In-
vestigation of Nucleophilic Substitution Reactions at
Phosphoryl and Carbonyl Centers. XII.Alkaline Hydrol-
ysis of Phenyl Dimethylthionphosphinates in Aqueous

419



Ethanol. The Effect of Temperature and the Reaction
Mechanisme.seeeosenrecrioearaanencscoascsnsssnnasaece 478
MakitraandYa. P1rig, Solvent Effects on

the Organic Complexes. I.Enthalpies of the Formation

of Iodine Complexes with Organic SolventS..cee.ee....495
MakitraandYa.Tsikantchuk, Solvent
Effects on the Organic Complexes. II.The UV-Spectro-
photometrical Investigation of Interaction between
Dimethylformamide and Iodine...eceseessscccccsocseesss505
Makiltraand Ya. P1ir i g, Solvent Effects on

the Organic Complexes. III.Influence of Solvents on

the I2 Absorption Band ShiftS...eeceeccscccssccoseses 512
Korgesaar,I.Danilov,and V. P aln,
Study of Reactivity of Substituted Bicyclo[2.2.2]0¢-
tanes. I.Formulation of the Problem. On the Methods

of Synthesis of Disubstituted Derivatives of Bicyclo
[2.2.2] 0Ctane. . cveueeneenerenseeesnennsnesnasnsnnans 521
Korgesaar,R. Toomik, and T. I 1o -

me t s, Study of Reactivity of Substituted Bicyclo
[2.2.2]Octanes. II.Verifying Methods to Obtain Di-
ethyl-a.S-dioxobicyclolz.z.z]octane -1,4-dicarboxyl-

N T P 722 )
Korgesaar,V.Siilats, and J. Re i -

1l a n, Study of Reactivity of Substituted Bicyclo
{é.Z.EﬂOctanes. III.Influence of Reaction Conditions

on Absolute and Relative Yields of Diethyl Esters of
Bicyclo[2.2.2] octane-1,2- and 1,3-Dicarboxylic Acids.534
Proidakov,B.Istomin, G.Kalabin,
V.Donskikh,and V. Polon ov, NMR Spectra

of Acetylenes R10=CR2. Structural Effects of Groups

13
R1 and R2 on csp Shift8cceceecoecccsccrcncccnsnnses’39

420



Kinetic Regularities of the Reactions of
Hydrazides of Organophosphorus Acids with
Phenylisothiocyanate

N. Yanchuk

Dept. of Organic Chemistry, Ternopol State Pedagogical
Ingtitute, Ternopol, Ukr. SSR

Received October 1, 1979

On the basis of kinetic studiee of the reac-
tions of organophosphorus hydrazine compounds
with phenylisothiocyanate possible mechanism of
these reactions and also causes of the manifes-
tation of ol -effect in them are discussed.

~effect is shown to be dependent to a very
large extent on the structure of the transition
state.

In the reactions with phenylisocyanate hydrazides of
organophosphorus acids have the increased reactivity which
is due to ol -effect '*2, Assuming that ol -effect is to a
very large extent determined by the structure of the tran-
sition state 3’4, the increase In the reactivity of the
hydrazine organophosphorus compounds can be accounted for
by their ability to form a five-membered cyclic complex
in the transition state owing to the hydrogen bond between
the hydrogen atom of the hydrazide imino group and oxygen
or isothionate nitrogen atom

The purpose of the present work is to verify this as-
sunption. It is dealing with kinetic studies of regularities
of the reactions of hydrazides and ol -ethylhydrazides of

diphenylphosphinic, 0,0-diphenylphosphoric, and 0,0-diphenyl-

thiophosphoric acids with phenylisothiocyanate in benzene,
i.e. reactions where the formation of the cyclic transition
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state is much lese possible.

The reactions of hydrazides and ol- ethylhydrazidss of
organophosphorus acids with phenylisothiocyanate in benzene
proceed quantitatively involving the formation of thiosemi-
carbazides by the scheme:

_ K - NHCSNHCsﬂs.

Kinetics of these reactions is described by the second
order rate equation, which can be seen from the linear plot
of the reciprocal value of the current concentration vs.
time. Rate constants (k) calculated by this equation main-
tain their constancy both during the process and at various
concentrations of the initial reagents and in the presence
of reaction products.

Data about substituent effects of various electromnic
nature in the nucleous on the reactivity of hydrazides of
diarylphosphinic, 0,0-diarylphosphoric, and 0,0-diarylthio-
phosphoric acids and also of ol -ethylhydrazides of 0,0~
diarylthiophosphoric acids with electrophilic reagents indi-
cate that the reactivity of hydrazine organophosphorus deriv-
atives changes proportionally to the basicity of a nucleo-
philic reagent 1,2,5, . Proceeding from this, ome should
expect the following order of reactivity of
nucleophilic reagents: hydrazide of diphenylphoaphinic acid
> ok -ethylhydrazide of diphenylphosphinic acid > hydrazide
of 0,0-diphenylthiophosphoric acid>ol-ethylhydrazide of 0,0~
diphenylthiophosphoric acid > hydrazide of 0,0-diphenyl-
phosphoric acid > o -ethylhydrazide of 0,0-diphenylphospho-
ric acid. However, this is not the case with the reactions
with phenylisothiocyanate (mee the Table). The reactivity of
less basic hydrazide of 0,0-diphenylphosphoric acid is much
higher than that of more basic o -ethylhydrazide of 0,0-
diphenylthiophosphoric acid.

At the smame time one can see from the Table that the
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Kinetic Studies of the Reactions of Hydrazides and
ol -Ethylhydrazides of Organophosphorus Acids
with Phenylisothiocyanate in Benzene at 25°

Table

NN Hydrazine derivatives Pk k°10%, ol - Effect
a 1/mol.sec

1 (CgHg) ,PONHNH, 3,02 £ 0.04 4.112%0.23 331

2 (CgHs) PON(CH;)NH, 2.96 £ 0,04 1.84 - 0.17 173
+ +

3 (CgHg0), PSNHFNH, 2,70 * 0,04 0.958%0.029 182

4 (csﬂ,jo)21>31w(02115)1m2 2.66 £ 0,04 0.519-0.018 110

5  (CgHg0) ,PONHNH, 2.62 ¥ 0.04  0.867%0.025 204

6 2.51 £ 0,04 0.203% 0.012 64

(06H50 )2PON (02H5 )HH2




reaction rate constants of —-ethylhydrazides of organo-
phosphorus acids with phenylisothiocyanate change hand by
hand with their basicity constants. The plot of 1lgk vs. ba-
sicity constsnts is described by the Brgnsted equation (see
the Pig.):

lgk = -9.89 + 2.08 pKa (I‘ = 0.994; S = 0.073)

log k
-37

-4.1
=45

25 27 29 31

Plot of 1g k vs. pxl for the reactions of hydrazides and
ol-ethylhydrazides of organophosphorus acids with phenyl-
isothiocyanate in benzene at 25°,
Numbering of points corresponds to that of compounds in
the Table.

Points characterizing the reactivity of the hydrazides of
organophosphorus acids (see the Pig.) do not yield to the
common plot of 1lg k vs. basicity of nucleophilic reagents due
to their higher reactivity than it follows from their basicity

Evidently to account for the reactivity of the hydrazides
of organophosphorus acids one should take into account not
only basicity but also polarizability and the presence of an
unshared electron pair on an adjacent nitrogen atom. As we
showed elsewhere polarizability effect was insignificant in
the reactions studied. Probably the anomalous reactivity of
the hydrazine compounds studied results from the effect of
the nitrogen atom with an unshared electron pair which is
adjacent to the nucleophilic center (the so called o -effect).

424



To characterize quantitatively the reactivity of hydra<
zine organophosphorus compounds in the reactions with
phenylisothiocyanate we have determined their o -effect. In
most cases o -effect is manifested as a positive deviltionl
of the point for ol-nucleophile from the Brgnsted plot 7.

ol -Effect was determined quantitatively as a ratio of the
rate constant of hydrazide to the rate constant of arylamine
of the same basicity (see the Table). The rate constants of
arylaminee were calculated by the Brgneted equation which
describes the dependence of 1lgk of the reactions of aryl-
aminee with phenylisothiocyanate on the samine basicities:

1gk = -9.44 + 1.17 pK. (r = 0.997; S5 = 0.088).,

One of the causes of increase in the re-
activity of <the hydraszides of diphenylphosphinio,
0,0-diphenylphosphoric, and ©,0-diphenylthiophosphoric
acids may be in the deetabilization of the basic state due
to electrostatic repulsion between electrons of adjacent
electronegative nitrogen atome 8. However, this assumption
doee not account for the lower activity of ol-ethylhydraszidee
of organophosphorus acids in the reactions with phenyliso-
thiocyanate. Assuming that -effect ie to a large extent
determined by the structure of the transition state the
increaee in the reactivity of the hydraszides of organophos-
phorus acids in the reactions with phenylieothiocyanate is
attributable to their ability to form a five-membered cyclic
complex, (I) or (II), in the transition state owing to the
hydrogen bond between a hydrogen atom of the hydrazide imino
group and a sulfur or nitrogen atom of phenylieothiocyanate:

ﬁ H .
N P-¥§—x'H or
3
8 "N-CGHS
(1) (1I1)
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Ae one can eee from the Table hydrazides of organophos+
phorue acide manifeet the increased reactivity in the reac-
tions with phenylieothiocyanate. However, their activity ie
characterized by low valuee of ol -effect. At the eame time
in the reactions with phenylisocyanate the reactivity of
phoaphorue-containing hydrazides ie high enough. of -Effect
for the hydrazide of diphenylphoaphinic acid ie 2772; for
the hydrazide of 0,0-diphenylphosphoric acid it equale 1783;
and that for the hydrazide of 0,0-diphenylthiophosphoric I
acid 1e 967 2.

In the reactione of hydrazides of organophoephorue acids
with phenylieothiocyanate coneiderable decreaee in the
ol -effect over that for the reactions with phenylisocyanaté
can be accounted for by the lower ability of a sulfur atom
to form a hydrogen bond. Thue the formation of the cyclic
transition state becomes less possible.

Subetitution of the ethyl group for a hydrogen atom of
the imino group precludes the possibility of the formation
of the cyclic traneition complex (I) or (II). This leade
(see the Table) to the decrease in the rate constants and
ol —effect for the reactione of ol-ethylhydrazides of diphe-
nylphoephinic, 0,0-diphenylphosphoric, and 0,0-diphenylthio-
phoephoric acids with phenylieothiocyanate which proceed,
evidently, via the step reaction mechanism of the nucleophil-
ic additions of amino containing compounds

Thue the reported results indicate that the of -effect
is to a large extent determined by the etructure of the
traneition state. Hydrazine organophoephorue compounde man-
jfest the increased reactivity in the reactione with a
certain type of a eubstrate.

Experimental

Benzene wae prepared for kinetic measuremente ae in Ref.
10. Hydrazidee and A -ethylhydrazides of organophosphorus
acids were synthesized from the corresponding acid chlorides
and hydrazine hydrate or ethylhydrazine by the procedures
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Phenylieothiocyanate was purified by distilling in vacuum.
Standard solutions of reagents were prepared from freshly
purified substances just before kinetic measurements. Before
being used benzene was barbotaged with argon to remove dis-
solved oxygen.

The reaction rate was monitored by the procedure describ-
ed in Ref. 1.

Basic ionization constants (pK‘) were determined by po-
tentiometric titration via measuring pH of partially neutral-
ized solutions in 50% (w/w) aqueous ethanol at 25%0.05° by
the procedure 12.

The accuracy of the results obtained was estimated by 13
the methods of mathematical statistics (reliability is 0.95)
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STUDY OF THE KINETICS OF SOLVOLYSIS

OF BIS-CHLOROMBTEYINITEAMINE IN BINARY WATER&
ORGANIC SOLVENT SYSTEM3

B.S.Starostin, I.V.Kraoklish, and V.V.Sinev

Leningrad Lensoviet Institute of Technology, Leningrad
Received November 11, 1979

The results of the study of the kinetics of
solvolysis of I,7-bis-chloro-2,4,6-trinitre-
2,4,6-triazaheptane (BCTAH) in binary sel =
vent gystems water-DMF and water-acetone
are discussed in terms of the solvent ef-
fects on the kinetic parameters of the reao~
tion.

The kinetics of solvolysis of I,7-bis-ohlero-2,4,6-
trinitro-2,4,6-triazaheptane (BCTAH) in binary solvent
systems water-dimethylformamide (IMF) and water-acetone
has been studied conductometrically:

C(Ql—R—CL + 2 520 = HO—R—OH + 2 HCI,

R: [—cnzn(noz)—- |5 e

First the absence of the mutual influence of two halo-
gen atoms during their consequent substitution and the first
kinetic order of the solvolysis on substrate was established.
The results obtained are given in Table I.

It follows from the data of this table that, in ac-
cordance with the qualitative Hughes-Ingold theory of the
solvent effectBI, the reaction under consideration is ac=-
celerated  with the increase of the more polar com-

429



Table I
The Kinetic Parameters of the Solvolyeie of BCTAE in Water-Organic Solvente

Lvol.% Rate constants, k10 & Agf
Solventl,re comp.| 20°C 25°¢ | 30°C 85°¢ 40°C keal/mol, 18.“ e.u,
90.0( 0.803 | 1.43 2.22 (3.67) (5.89) [17.5 + 0.5 {17.4 + 1.8
Water— 80.0| (2.49) | 3.95 | 6.03 (9.486) 14,3 |15.4 + 0.3 [22.6 + 0.9
- 7.0 510 8,08 | 12.5 0.2 31.0 15.9 + 0.3 {19.3 + 0.8
80.0 | (9.71) |168.2 24.7 38.68 62.8 16,1 + 0.6 |17.2 + 1.8
5.0 18.0 3R2.2 55.3 (90.2) |(148) 18.4 + 0.4 | 8.1 + 1.6
PRSI I | N T P R B R A i B e iy Ml i B i S
90.0 0.104| 0.143| 0.190 | 0.281 [11.5 + 0.7 | 42.7 + 2.2
Water-{  70,0| - | 0.945| 1.63 | 2.66 | 4.43 |18.4 + 0.2 |15.1 + 0.8
acetone 80.0 2.55 4,11 8.7 12.1 18.5 + 0.9 | 12.9 + 2.9
50.0 - 7,59 | 12.6 2.7 32.9 17.6 + 0.2 | 13.9 + 3.0




ponent in the mixed solvent,

In complete agreement with The Electrostatic Theoxry pre-
dictions for the reaction between two polar molecules, in
the solvent system water-DMFA one can observe the linear
dependence of log k on the reciprocal of the dielectriec
constant, with the negative slope of the line (Table 2)}.

Table 2
Parameters of the Linear Relationships lgks= -+ Db

for the BSolvolysis BRates of BCTAH in Aqueous DMP

t% -a b T a a

20 I190.5 & 4.3 0.1626 x 0.0802/0.9995}0.0236
25 18I.4 x 5.0 0.369I & 0.0970}0.99890.0290
30 I65.8 x 2.4 0.3856 % 0.0505|0.9998 |0.0XI2
35 I53.4 x 3.8 0.4755 & 0.08290.9994 |0.0186
40 I46.1 + 6.8 0.6583 * 0.I576 0.997810.0356

- puw

Thus the solvent system effect on the rate constants
obeys the Amis equationzz
log k = log k, = ——

where A =

The absence of lglearity between the log k and differ-
ent functions of the dielectric constant was established for
the data obtained in aqueous acetone (Table I); But over the
whole temperature range studied and for various compositions
of the binary mixture the log k was found to be a linear
function of the Grinwald-Winstein ionizing power (Y) ( see

Table 3).
Thus, contrary to  the influence of the water-

DMF mixtures, which appeared to be connected exclusively
with the electrostatic effects, the role of the water-ace-
tone mixtures is complicated by the electrophilic contribu-
tion of water molecules participating in the transition
state as a polarizing factor for the C—0l bond”
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Table 3
The Parameters of the Grunwald-Wingtein Equation for
the 8olvolysis of BCTAH in the Water-Acetone Solvents.

t°% m ~lag ko r 8 n

25 0.558 + 0.04413.995 & 0.054 | 0.9937 0.I08
30 0.583 & 0.036|3.798 & 0.044 | 0.9963 0.087
35 0.6I3 % 0.029|3.6I0 & 0.036 | 0.9978 0.07I
40 0.630 = 0.0I6/3.400 £ 0.020 |0.9993 0.040

LR I

It is noteworthy that the m-parameter of the reaction
series under consideration appeared to be rather small
relatively to its value for BlI-prmsaeeaz'l 8uch a result
allows us to copclude that water molecules take part in the
transition state of the rate-determining step of the reac-
tion as nucleophiles (8y2 process)az

B
oos e eseooecee
HOH- (+18 052 where
| :
A 1s a remained part the substrate molecule.

The cpmbined temperature and medium effect for each of
the two solvent systems under consideration can be expres-

sed by the following equations:

Agueous DMF:
1g k = 7.060 - A € 3 R ; Alg k =0.02.
T LK 3
Agueous acetone:
1g k = 8.360 - -L:Q"— - 15-‘;:-51 ¥ + 2.103¥; Alg k = 0.05.
The dielectric constants of water-DMF mixed solvents,
measured as described else'hereg, are summarized in terms

of the fkerlof equation in Table &4.
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Table 4
The Akerl3f Equation (1g & = a = bt) Parameters for
Aqueous DMF at Different Ratios of the Components.

Volume % 3 el n
of DMP be10 *

50,0 1I.8970 % 0.0028 | 3.973 & 0.084 | 0.999( 0.0017
60,0 |I.85I1 & 0.0023 | 3.630 & 0.067 | I.000{ 0.00IX
70.0 [1.8246 1 0.0044 | 4.019 £ 0.I42 | 0.998| 0.002I
80.0 |I.7739 £ 0.0032 | 3.710 # 0.I05 | 0.999| O 00I6
90.0 |I.7324 £ 0.0055 | 3.995 % 0.I65 | 0.997| 0.0032

[- AN 1NN B« U« Y

References

1. C.Reichardt ;Losungsmittel-Effekte in der organischen
Chemie, Verlag Chemie, 55 (1969)
2. E.S.Amis, Solvent Effects on Reaction Rates and Mecha-
nisms, Academic Press, N-Y - London;1966
3. I.A.Koppel and V.A.Palm in "Advances in LFER", Plenum
Press, N-Y - London, 215 (1972)
4. V.A.Palm, Fundamentals of Quantitative Theory of Organic
Reactions, "Khimiya", L., 89 (1977)
5. S.G.Entelis and R.P.Tiger, The Kinetics of Liguid-Phase
Reactions, "Khimiya"”, M., 258 (1973)
6. J.E.Leffler and E.Grunwald, Rates and Equilibrium of
Organic Reactions, N-Y - London, 298 (1963)
7. J.E.Gordon, The Organic Chemistry of Electrolyte Solu-
tions, Wiley, N-Y - London, 444 (1975)
8. R.W.Hoffman, Aufklérung von Reactionmechanismen,
Stuttgart, 147 (1976)
9. V.V.Sinev, G.K.Semenova, and 0.F.Ginzburg, Zh.org.khim.,
6, 1908 (1970)
10. G.fkerldf, J.Am.Chem.Soc., 54, 4125 (1932)
1l. E.A.Moelwyn-Hughes, Physical Chemistry, Pergamon Press,
N-Y - London, 773 (1961)

433



KINETICS OF NUCLEOPHILIC ADDITION OF ALIPHATIC
AMINES TO ACRYLAMIDE AND ACRYLANILIDE

M.Danilevitiute, G.Dienys, and O.Adomeniene

Vilnius State University, Chemistry Department
Institute of Applied Enzymology, Vilnius

Received Kovember 15, 1979

The rates of nucleophilic addition of 15 ali-
phatic amines to acrylamide and acrylanilide in
water solution at 25° were determined. The rate
constants were correlated by the modified Taft
equation with inductive (6™ and steric (EN) pa--
rameters.

With the aim to continue the study of nucleophilic ad-
dition of aliphatic amines to the activated ethylenic bond
[i-}] we have studied kinetics of the reaction:

RIRZNH + CHz==CHCONHR

I II III

RIR2N0320HZCONHR (@9

R =H, 0635.

The kinetics was studied spectrophotometrically, uaing
the short wave shifts of absorption bands of unsaturated
amides II resulting from the addition of amines to their
ethylenic bonds.

It should be noted that only a few publications deal
with the kinetics of nucleophilic addition to acrylamide
(addition of some amino acids L4-6J. mereaptopropionic acid
[6] ,morpholine and pyrrolidine [7] » methanol and 2-pro-
panol[é], benzenesulfinic acid[ioj).
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Experimental

Reagents.N-methyl-2-cyanoethylamine was prepared by cya-
noethylation of methylamine and purified by twofold distil-
lation through a Vigreux column,b.p. 76°/18mm,Liquid alipha-
tic amines were purified by the methods described in the 1i-
terature ﬁ1},followed by twofold distillation through a frac-
tionating column of 15 t.p. efficiency.Methyl-,ethyl-, and di-
methylamines were purified by twofold recrystallization of
hydrochlorides from ethanol.Pure piperidine was prepared by
hydrolysis of its N-benzoyl-derivative,recrystallized from
hexane-CCI~(3=2 by volume),Acrylamide was recrystallized
from chloroform ,m.p. 84° (1lit. 84-85° ﬁZ]).Acrylanilide (N~
phenylacrylamide) was prepared as described in ﬁj],recrys—
tallized twice from petrol ether,m.p. 103,5°(104-105° [3]).
Acrylic acid chloranhydride was prepared according to ﬁ4].
p4Pyrrolidinepr0pionamide and f-morpholinepropionamide were
prepared according to ﬁ],recrystallized twofold from metha-
nol,m.p. 75-76° and 95-96° ,respectively (lit. 75—76°,95-961ﬂ).

The solutions of acrylamide,acrylanilide and of liquid
amines were prepared for kinetic investigations gravimetri-
cally. The solutions of gaseous amines were prepared by de-
composition of hydrochlorides with concentrated alkali and
absorbtion of amines in water,their concentrations were found
titrimetrically with HCI,

Kinetic measurements.Kinetics of reaction (1) in water
was followed spectrophotometrically in thermostated cell.5 to

4000-fold excess of amines was used.15-20 values of optical
density (at 255pm for acrylamide and at 275nm for acrylanili-
de) were measured up to 30-7Qe completion of reaction,After
the completion of reactions the values of were measyred,
It was assumed that and the absorbance of the addition
products were identical.The correctness of this assumption

435



was checked for the products of addition of pyrrolidine and
morpholine to acrylamide.Concentiration of the product III
at the moment of time t; was calculated from the equation:

a

where ay initial concentration of amide IT,
optical density‘of reaction mixture
at =0,
optical density of reaction mixture
at t-t¢,»
optical density of reawction mixture
after completion of the reaction.

When the excess of amine was high, pseudo-first-order
rate constant was found by the least-squares method and
then devided by the concentration of unprotonated amine to
give the second order rate constant. If the excess of amine
was less than tenfold,the calculations were made according
to [2], titting the data by empirical function.

From 6 to 12 runs for every amine were carried out,
using different initial concentrations of the reactants.The
rate constant was found as an arithmetical mean of all runs.

Results and discussion

Reactions (1) are practically irreversible and follow
first order kinetics for every reactant.They are about 10
times slower than addition of amines to acrylonitrile under
the same codditions[Z].Similar ratio of reactivity of acry-
lonitrile and acrylamide with amino groups of amino acids
[4-6] was found by other authors.
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Table 1

Rate Constants (lemol -se01 ) of the Addition
of Aliphatic Amines to Acfylamide and Acrylanilide
in Water at 25°

No Amine Acrylamide {Acrylanilide
k10> K-10° Zv |-E,
1 Methylamine 1.920.1 2.5 % 0.1 0.98 {0.07
2 Ethylamine 1.19%0.05 1.63+0.08) 0.88 [0.36
3 n-Butylamine 0.94+0.06 1.26 + 0.08 | 0.85 [0.40
4 | Isobutylamine 0.97+0.08 1,35+ 0,08 | 0.86 |0.35
5 | Cyclohexylamine | 0.305+0.007 0.47+ 0.03 ] 0.83 |0.98
6 | Allylamine 0.50%0.05 0,66+ 0,02| 1.14 |0.20
7 | Dimethylamine 711+5 92 + 4 0.49 |0.47
8 | Diethylamine 5.2+ 0.5 8.4 £ 0.4 0.29 |1.98
9 | Di-n-propylamine [ 5.0+ 0.3 7.9 * 0.4 | 0.26 [2.11
10 | Di-n-butylamine | 6.4+ 0.6 11.2 * 0.7 | 0.23 {2.04
11 | Pyrrolidine b4+ 5 94 * 9 0.23 | 0.51
12 | Piperidine 34+ 3 54 + 5 0.31 [ 0.79
13 | Hexamethylene- [B5+3 89 * 4 0.29 | 1.10
imine
14 | Morpholine 4,2% 0.5 5.8 ¥ 0.2 1.16 | 0.79
15 | N-lethyl-2-cyano- 0.28:0,03 0.34 + 0,04
ethylamine

As in previous paper [2] the modAfied Taft equation (2)
was used to correlate rate constants (see Table 2 ):

lgk= lgky + ¢*Sc* + d (2)

Correlation was unsatisfactory,when all available rate
constants (except of N-methyl-2-cyanoethylamine for which
parameter was unknown) were used.It was improved by the
exclusion of the most deviating rate constant (for morpho-
line).No further improvement was obtained by the exclusion
of other relatively more deviating constants(for allyleamine,
cyclohexylamine ,dimethylamine).
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Results of Correlations

Table 2

¢ Unsaturated -

© amide n 11g k, -9 d R S

8€ 5

1| Acrylamide |14%|-0,356% | 2,.35¢% 0,581+ [ 0.811]0.49
*0.510 | *0.50 | *0.258

2 | Acrylamide [13%| 0.367+ | 3.29¢ | 0.878% {0.951[0.27
*0.314 | +0.33 10,154

3| Acrylamide 12%| 0.464% 3.47¢ 0.8991 1 0.951]0.27
10.319 | +0.36 $0.152

4 | Acrylanilide 1421 -0.199+¢ | 2.39% | 0.544% |0.822|0.484
+0.504 | *0.50 | *0.255

5 | Acrylanilide|13° | 0.522+ | 3.32¢ | 0.840% {0.9550.263
+0.305 10.32 | +0.149

6 Acrylanilide 12| 0.618%t | 3.51+ | 0.861% | 0.955|0.258
10,309 | %0.35 | 0,147

n, number of points in the set;

a - N-methyl-2-cyanoethylamine excluded;

b - N-methyl-2-cyanoethylamine and morpholine excluded,

¢ - N-methyl-2-cyanoethylamine ,morpholine and allylamine

excluded.

The reactivity of primary and secondary aliphatic

amines in reaction (1) fits the same correlation (2) as it
was for the previously reported reactions of nucleophilic
addition [2].
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Kinetice of the reaction of phenyl acetylene
with ethylmagneeium bromide in ethyl ether and
with phenylmagneeium bromide inethyl ether and
tetrahydrofurane is studied.

Metallation reactione of acetylenic compounds are being
studied inteneively. However, reactione involving organo-
-magnesium compounds have been studied relatively little.
To some extent this ie due to a restricted number of exper-
imental procedures providing a means for monitoring these
reactions.

Kinetics of the reaction was studied by the method of
samples. Aliquote were quenched with the deuterium oxide.
After mase-spectrometric analysis degree of deuteration of
the acetylenic compound wae determined. It indicatee the
degree of metallation of the compound by organo-magneeium
compounds reached to the moment of the quench. The detailed
procedure is given in the experimental section.

Table 1 lists the second order rate constants. As one
can see from Fig. 1 and Table 1 (constancy of the rate con-
stants at various ratios of reagent initial concentrations)
the reaction is actually of the second kinetic order.



Table 1

Reaction Rate Constants of Phenyl- and Ethyl-
magnesium Bromides with Phenyl Acetylene

Initial conc. 104 Teec™ 1)

Reagent kII
ag RMgBr  PhC=CH toC

Ethyl ether

0.87 0,87 38 1.9 * 0.1
PhMgBr 0.19 0.19 25 0.35 * 0.01
0.21 0.20 25 0.40 * 0.01
0.16 0.34 25 0.30 * 0.01
0.20 0.12 25 0.38 ¥ 0.04
EtMgBr 0.21 0.21 25 2.92 * 0.04
0.21 0.21 25 3.14 * 0.02
0.21 0.39 25 2.84 * 0.05
0.20 0.10 25 2.87 * 0.04
0.20 0.40 25 2.87 * 0.05
0.20 0.10 25 2.98 ¥ 0.05
Tetrahydrofurane
0.24 0.23 15 172 ¥ 18
0.23 0.23 15 120 % 9
IV



0 500 1500

1000
t(min)
Fig. 1. Graphical determination of the rate constant.

Initial concentration of phenylmagneeium bromide
is 0.21 M, of phenyl acetylene is 0.20 M;
ethyl ether, 25°C.

Table 2
Summary Table of Reaction Rate Constants of
Organo-Magnesium Compounds with Fhenyl Acetylene

Reagent Solv. toc kII.1O4(H_1aec_1)
FACH MgC1 Et,0 0 0.008%

Et,0 37 0.12%

THF 0 84®
PhMgBr Et,0 25 0.38 - 0.02°

Et,0 37

Et20 38 VoY

THF 0 10

THP 15 156 * 16°
EtMgBr Et,0 25 3.0 £ 0.2°

& prom Exner and Focker
® mhis work.
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Table 2 represents the mean values of the rate constante
and also rate constsnts from Exner and Pocker 1. The reac-
tion rate constant of phenylmagnesium bromide in ethyl
ether (determined by us at 38°) is in satisfactory agree-
ment with that obtained by the above authors with the use
of the analogous procedure at 37°C. From our and literature
data (Table 2) it follows that reactions of Grignard re-
agents with phenyl acetylene have relatively high activation
energy (about 20-30 kcal/mol) and substitution of tetra-
hydrofuran for ethyl ether influences significantly the
value of the reaction rate constant.

Experiment:al"l

Reagents, Ethyl ether was dried over P205 distilled
from Grignard reagent in the argon flow.

Tetrahydrofuran was shaken with KOH and distilled over
calcium hydride in the argon flow.

Phenyl acetylene was fractionated and distilled in the
argon flow.

Argon was passed through the trap filled up with medi-
cine charcoal and multilayer filter from the Petryanov
cloth sunk into liquid nitrogen and then through the so-
lution of Na-benzophenone ketyl in the solvent where mea-
surements were carried out.

Organo-magnesium compounds were prepared by the known
method from purified halides in the argon atmosphere. The
apparatus was heated beforehand at 110°C and cooled in the
argon flow. Solutions of organo-magnesium compounds were
analyzed acidimetriaally to determine the content of basic
magnesium.

Kinetics. Preparation of initial solutions, their trans-
portation, and kinetic experiments were carried out in the

* with participation of M. Haapsal
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atmosphere of argon. Flasks were heated beforehand at 110°C
and cooled in the argon flow. Preparation of the solutions
and kinetic measurements were carried out in the flasks
with a side drain to let argon out and take ssmples. The
solutions were transported and the samples were taken with
the use of hypodermic syringes.

The reaction flask with the solution of organo-magnesium
compound was placed into thermostat. After setting up the
temperature a necessary amount of phenyl acetylene was run
into the flask. Then & magnetic stirrer was started and the
reading of time was begun. At appropriate intervals of time
the samples (20 ml) were taken from the reaction mixture
and quenched by deuterium oxide. The latter was taken at a
rate of 2.5 moles per a mole of organo-magnesium compound.
The quenched samples were boiled under reflux condenser for
10-15 min, cooled and centrifugated to remove a residue. The
solution was concentrated by fractional distillation of a
solvent up to the residual volume 1-1.5 ml. The residue was
analyzed on a MKh-1303 mass-spectrometer: mominal energy of
ionizing electrons, 14 eV; accelerating voltage, 2 kV;
t° = 20°C; pressure was 3.10_7 atm. From the ratio of peak
intensities of molecular ions of deuterated and non-deuter-
ated phenyl acetylenes (peaks m/e 102 and m/e 103) the per
cent of deuteration of phenyl acetylene in the sample was
determined. The correction for isotopic purity of heavy
water was introduced. with regard for initial concentra-
tions of the reagents the concentrations of phenyl acetylene
and organo-magnesium compound were calculated at the appro-
priate moments of the reaction stop.

The reaction rate constants were estimated by the least-
-squares method from the relationships

kt == -1 orkt = o
o ¢l -c 18 c_-¢C"
0o O (o]



in the case of equal and unequal initial concentrations of
the reagents, respectively.
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Substitution Reactions at Phosphoryl and
Carbonyl Centers. IX. Non-additive Influ-
ence of Alkyl Substituents on Alkaline
Hydrolyses of RIC(O)OR2 and RIC(O)SR2
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On the basis of recently published data a non-ad-
ditivity is found in the effects of alkyl groups Ry
and R2 on alkaline hydrolysis rate constants for es-
ters RIC(O)OR2 and RIC(O)SRZ.Both the nature of these
effects in the reaction considered and non-appli-
cability of the isostericity principle to steric ef-
fects of substituents OR and SR are discussed.

Strong independence of electronic effects of acyl RI and
leaving R2 groups on alkaline hydrolysis of carboxylates
R C(O)OR2 has been demonstrated experimentally several times.
(See Refs. 2-4). A8 a result, the relationship

log k(RIC(O)ORZ) = ay + a; log k(RIC(O)OBt) +
+ log k(MeC(0)OR,) (1)

is observed for the esters with wide structural variationms,
and the estimates4 of its coefficients a, and a; well coin-
cide with their theoretical values, i.e. with

-log k(MeC(O)OBt) and I.00, respectively. This relationship
breaks only for the esters with o(-bra.nched alkyl groups R;
and RZ' The corresponding points significantly deviate to
smaller k2-values from that relationship. The alkyl substit-
uents are now considered as unable to any polar inter-

'For Part YII1 see Ref.I.



Fig.I. Verification of
relationship (1) by
the data for alkaline
hydrolysis of esters
RIC(O)OR2 with alkyl
groups RI=RZ;20',4Ol aq.
dioxane. The straight
line corresponds to the
theoretical relationship;
see the text.

2 -1
log k(Rywiuyunre s+
+b9k0VbC«vOR§)
MeC(0)SMe; Fig.2. Verification of
EtC(0)SEL, relationship (I) by the
data for alkaline hydro-
< n-BuC(0)SEt. lysis of esters
S nIc(o)snz with alkyl
W~ | . ()
= ;n-PrC0)SBu-t groups Ry and Ry; 357,
5 40% aq. dioxane. The
2 -BuC(0)SBu-s straight line corres-
- BUC(0)SBu-t ponds to the theoretical
LS uCO)sBu relationship; see the
-BuC(0)SBu-t text.
0 1 2
+logk(MeC(0)SR, )

actions;e.g. see Ref.5. Hence Ref.4 relates the above devia-
tions with some non-additivity in the steric effects of
groups RI and R2 in this reaction.Such non-additivity should
certainly be pronounced for the esters with bulky substit-
uents RI and Rz.

A good chance to check this agssumption can be found in
Ref.6. It deals with alkaline hydrolysis, in 40% aq. dioxane,
of esters RIC(O)Gle, HeC(O)OR2 and R]-C(O)OR2 with alkyl
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Table I
Coefficients and Statistics of Equations® (2) and (9)
for Alkaline Hydrolysis of Esters RIC(O)ZR2

Reg.Eq.|2Z 8, a; a, a1, n R So

0.898+| I1.026+ | I.0II+|-0.258+|2I% 0.998/0.079
0.033| 0.047 | 0.035| 0.039

1-2 |(2)| 0°} 1.019+| I.247+ | 1.192¢| — |22 |0.991]0.155
0.053| 0.067 | 0.047
1.250+| I.007+ | I.043+ | -0.I89+|20 |0.999/0.032
0.016| 0.020 | 0.036| 0.038

1-4 |(2)| %] 1.286+| 1.056+ | I.134+| — |20 |0.998]0.042
0.0I6| 0.0I7 | 0.030

I-I{(2)]0

I-3 |(2)|s

1-5 {(9)} 0% 0.878+| I.00I+ | I.398+ | -0.478+|22 |0.989(0.173
0.072| O0.III 0.I08 0.I28

1-6 |(9)] 88| 1.389+4| 0.99I+ | 0.2I0+ | -0.050+{I6 |0.990|0.I20
0.085| 0.I26 0.028 0.020

8The experimental data are from Refs. 6 and 7. The measures

X; and X, are evaluated according to (3) and (4).
or 22 carboxylates RIC(O)OMe, MeC(O)OR2 and RIC(O)OR2 with

RI = R2 = Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, s-Bu and t-Bu; see

Ref.6. ®Point for RI = R2 = Pr-i is excluded because of signi-

ficant deviation. dFor 20 esters RIC(O)SMe, MeC(O)SR2 with

R; = R2 = Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, s-Bu and t-Bu and

1=

RIC(O)SR2 with R,R, = Et, Et; n-Bu, Et; n-Pr, t-Bu; i-Bu,

s-Bu; s-Bu, t-Bu and t-Bu, t-Bu. €For 22 esters, see

the footnote except those with R2 = n-Bu, i-Bu and s-Bu.
7

groups RI and Rz.The data’ from the same laboratory for al-
kaline hydrolysis,in the same solution but at 35°,0f esters
R;C(0)SMe, MeC(0)SR, and RIc(o)SR2 with alkyl groups Ry and R,
are also considered. Figs. I and 2 show unambiguously
that relationship (I) is not applicable to esters with
cl -branched alkyl groups RI and R2 in both series.The points
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for such esters deviate. to the lower values of k from

the straight lines with slopes I.00 and with intercepts
~log k(MeC(0)OMe) or -log k(MeC(O)SMe), respectively. Thus,
bulky alkyl groups RI and Rz influence non-additively on the
free energy changes in alkaline hydrolysis of both O- and 8-
esters. The smaller non-additivities for the latter esters
corroborate steric origin of these influences. Being substan-
tially longer than bond C-0, bond C-8 in these esters leads
to farther spatial separation of groups R, and R2 than it is
possible in the corresponding O-esters.

Non-additivity of steric effects of groups RI and R2 in
the reaction considered is apparently related with an addi-
tional destabilization of its transition state TI. This de-
stabilization is due to an increase in steric interaction, i.
e, in mutual repulsion, of groups RI and ZRz, Z =0 or 8, re-
lated with decrease in the angle between them in the course
of rehybridization of carbonyl carbon from its sp“ initial
state I to sp3 one in a tetrahedral reaction intermediate II.

x
O¢.
@ HO lé8
AN AN 0l
R1'C ZR. R ‘hn. -
I 11
120 109°¢ o« < 120° o = 109¢

T Products

A retarding character of this interaction well agrees with an
assumption that the reaction rate-controlling step is an
addition of OH™ anion,i.e. k. =ki; see Refs. 4 and B.Non-
additive influence of alkyl groups Ry and R, on the hydrolys-
is of esters R;C(0)ZR,, Z = 0,5, is well described (see
Table I, Regs. I-I and I-3), in agreement with PPLP*I0, 1y
the equation
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log k(RIC(O)ZRZ) = ay + afX; + a,X, + ap XX, (2)

when one defines scales X; and X, of the effects of RI and R2
*
as follovsg'IO

X

log k(R;C(0)ZMe) = log k(MeC(0)zMe) (3)
log k(MeC(0)ZR,) - log k(MeC(0)ZMe) (4)

I
X

2
taking groups RI = R2 = Me as standard ones. The estimates
found for 8qs 81 and a, well converge with their theoretical
values ' 10 a; = a, = 1.00 and a5 = log k(MeC(0)ZMe) = 0.903
for 2 = 0 (Ref.6) or 1.24 for 2 = S (Ref.7). Coefficients ar,
are statistically significant for both series and

31211124; since XI,12<\.0 for all groups RI and R2.Exclud-
ing the cross-terms (see Table I, Regs. I-2 and I-4), one
immediately finds significantly biased estimates of ar and
a, for both Z = O and S as well as a biased estimate of ag
for 2 = 0.

An Analysis of Scales X; and X,

A very accurate relationship, with a slope being equal to
I1.00, between the scales xI for O- and S-esters (see Table 2,
Reg. 2-I) reveals a deep similarity in the effects of those
groups in two series. In accordance with Reg. 6, both scales
II are in good linear dependence upon steric constants( see
Regs. 2-2 and 2-3) B (RT)**. Such correlation confirms strong-
ly the assumption of purely steric effect of alkyl groups RI
on alkaline hydrolysis of esters considered (cf. Ref.7).

Por the O-esters, a correlation between the scales XI and 12
for the same substituents R is rather poor (see Reg. 2-4).
However, since both sets of 12 measure actually the effect

of group zna,a satisfactory linear correlation (Reg.2-5) is
observed between the X,-values for O-esters and steric con-
stants for groups CHsz that are usually considsredlz'14
isosteric with groups 0R2. A poorer standard deviation for

’Equation (2) transforms to (I) when ar, = 0; see Ref.4.
##Je use the steric constants E  revised recently in Ref. II.
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Table 2

Coefficients and Statistics for Various Regressionsa
Yy -ay + ax

Reg.| y x a, ar n r 8,

2-1 |x7 |20 -0.048+ | I1.073+ [8° [0.9977 |0.039
0.024 | 0.030

2-2 [x° E,(Ry) -0.078+ |0.997+ (8P |0.9948 |0.055
0.03I | 0.042

2-3 x§ E (Rp) -0.I34+ | I1.066+ |8° [0.9895 |0.085
8 0.047 | 0.064

2-4 xg xQ 0.020+ | I.319+ | 8P |0.8943 | 0.358
0.2I5 | 0.269

2-5 X3 |E (CH,R) | 0.0Is+ |I.393+ |8P [0.9810 |o0.I55
8 0.088 | 0.II2

2-6 |x3 1°(cE,R) | 0.170+ | I.224+ | 4% |0.9976 [ 0.037
0.036 | 0.060

2-7 X3 E,(R) -0.183+ | 0.441+ | 8° [0.8977 | 0.117
0.065 | 0.088

2-8 [x3 E,(CH,R) [-0.I8I+ fo0.4I6+ | 8° [0.8795 | 0.127
0.072 | 0.092

2-9 | x5 E (CMe,R) | +0.253+ | 0.205+ | 49 |0.9948 | 0.044

0.052 0.0I5

8The measures XI are from Table 3. Steric constants E are
from Ref.II. bFor groups Me, Et, n-Pr, i-Pr, n-Bu, i-Bu,s-Bu
and t-Bu. cOnly for groups Me, Et, i-Pr,and n-Bu. dFor groups
Me, Et, i-Pr,and t-Bu. For other groups R constants E are un-
known for substituents CMezR.

the last regression over that for Reg. 2-2 shows an accuracy
available for modelling of steric effect of group OR by that
for the substituent CHZR.

Since the rate-controlling step in the reaction is an addi-
tion of anion OH to the ester carbonyl group, the suscepti-
bilities of log k - values to steric effects should be equal4
for both its substituents RI and RZO' A similar way is obser-
ved, for example, in equlibrium hydration of ketones and
aldehydes 3. Hence, the fact that in Reg. 2-5 a slope is
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larger than I.00 may bs explained within the assumption that co-
efficient ay in the relationship*

E(ZR) = a;  + a;B (CH,R) (5)

for Z = 0 is also larger than I.00. This assumption is strong-
ly confirmed by non-unity slope found in equation (Reg.2-6)#**

I,(R) = 8, +aX(CHR) (6)

Such equation one can derive assuming that groups CEZR and OR
are actually isosteric.

Por S-esters the scale 12 should also have a steric nature,
since it measures a difference in the effects of two groups
SR and MeS and the abilities of eubstituent SR to inductive
effect*** and to resonance interactions are apparently independ-
ent of alkyl moiety R. A low quantity of a correlation (see
Reg.2-7) between this scale and consatants for corresponding
alkyls R is not surprising. However a correlation (Reg.2-8)
with constants Ea for groups CHQR is also poor (Cf. with the
results for X,(OR)),i.e. a steric effect of group CH,R is rath-
er a bad model for steric requirements of substituent SR.In
other words, equation (5) appears to be unapplicable to ste-
ric effects of substituents SR. On the other hand, there exists
an excellent correlation (Reg.2-9) between the X,-values of
four groups SR with R = Me, Et, i-Pr and t-Bu and constants Es
for corresponding alkyls GMeZR. It shows that S-atom in its

steric requirements is more resembling group CH92 than
group CB2 as it is assumed by the isostericity principle. The
Reg. 2-9 slope is much smaller than I.00. Hence, there

*Bquation (5) is a mathematical form of isostericity principle
as it is defined in Ref. I2. In this equation ag = 0 and a; =
= 1.00 in accordance with the definition.
*#Bquation (6) is equivalent to the relationship

log k(MeC(OJOR) = & + Blog k(RCH,C(0)OMe)  (6a)
Its slope B should be equal to I.00,if the isostericity principle
is really applicable to groups CHZR and OR.
#%%0pe can conclude that &*(SR) = Const for all alkyl groups R,
since & *(Alk) = O.
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is no real isostericity between groups SR and C!ezn,but the
LFER principle is only applicable to these steric effects.
The smaller value of a; in Reg.2-9 comparing with that in Reg.
2-5 may be explained by longer bond o
more spatially removed groups 32 in the S-eeters have conse#
quently the smaller steric effect than the same groups in
the corresponding O-esters. According to Reg. 2-9, the steric
constants of groups SR and C!ezn should be linearly related®

E,(SR) a, + aB (CMe,R) (7)

with a slope being such smaller than I.00.

Comparing Regs. 2-5, 2-2 and 2-9 one can see an increase in
their slope with decreasing length of the bond (=C)-Z for Z =
o, CHZ.and S. The steric effect of OR is more intemsive +than
that of the modelling group CH,R since bond (=C)-0 is shorter
than (=C)-C. On the other hand, steric effect of group SR has
lower intensity than the corresponding effect of the model-
ling group CMe,R, since bond (=C)-S is much longer
than (=C)-C. Hence,an increase in the length of the bond
(=C)-Z decreases the steric effect of substituent 2R, Z = O,
CHZ,and S, because of its progressive removal from the reac-
tion center. This assumption is confirmed strongly by the ex—
cellent correlation found between the value of a7 in Regs.
2-5, 2-2 and 2-9 and the length*®, "1 (%), of the correspond-
ing bond (=C)-Z

a;r = (4.899 + 0.02I) + (-2.580 + 0.0I4) 1  (8)

n=73 r = 0.9999 8y = 0.004
Thus, we want to emphasize once more that steric effects of

*The present results disagree with the Charton's conclusionIB.
that the isostericity principle, i.e. equation (5) with
a5 = 0 and a; = I.00, is well-applicable to steric effects of
groups OR and SR.
** These are as large as 1.36, I.5I,and I.82 & for bondsl®
(=€)=0, (=C)-C,and (=C)-S,respectively. The last one is as-
sumed to be equal to a C-S -bond length in sulfides; see
Ref.I5.
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substituents ZR with Z = O and B do not apparently equal
those of alkyl groups as it is required by the isostericity
principle. In spite of that, the LFER principle appears to be
well applicable to these steric effects. This principle only
assumes that good linear relationships have power between the
steric constants Es for these substituents ZR and the corres-
ponding "isotopological™ hydrocarbon groups. It is noteworthy
that groups CHeZR are 1sotopological for substituents SR
while for substituents OR isotopological ones are groups CH.R.

Since the combined effect of two groups R; and 232 in al-
kaline hydrolyses of esters RIC(O)282 is well described by
non-additive equation (2) and the effects of those groups have
rather steric origin®*, one can assume that their influence
should also follow the equation

log k(RIC(O)sz) =ag + a.IRs(RI) + azns(znz) +

+ ap,E (R7)B (ZR,) (9)

In this equation, Es(RI) is steric constant of Ry; Es(znz)
is steric constant for the corresponding alkyl that is consi-
dered as isotopological for group ZRZ' and 8y + ayo are the
model coefficients. The corresponding multiple regressions
are collected in Table I (Regs. I-5 and I-6). The regressions
have good statistical indices, statistically significant
cross-terms and their estimates for ar and a, are in good ag-
reement with the corresponding omes in Table 2. The negative
cross-terms in both regressions show a destabllizing role
of steric interactions between substituents RI and ZR2 in the
reaction transition state. The differences observed between
standard deviations So of these regressions and those for
Regs, I-I and I-3 are apparently related with the accuracies
of Regs. 2-3 and 2-5 in Table 2.

* Since polar and resonance effects of groups ZR2 are apparent-
ly independent of alkyl group R2, the terms corresponding to
those interactions in the total effect of the substituent ZB2
should be constant.
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Table 3
Measures II and for Effects of Groups RI and R.

Substit- Z =0 t=38

we [T TR %
Me 0.000 0.000 0.000 0.000
Et -0.I38 -0.317 -0.18I -0.260
Pr-n | -0.427 -0.450 -0.515 -0.372
Pr-i -0.547 -1.030 | -0.702 -0.481
Bu-n | -0.476 -0.524 | -0.573 -0.442
Bu-i -0.982 -0.629 -I.120 -0.446
Bu-s -1.104 -1.320 | -I.232 -0.624
Bu-t -1.473 -2.358 | -I.588 -0.840

aAccording to Eq.(2) on the basis of the data in Refe. 6
and 7. bAccording to Eq. (3) on the basis of the data in
Refs. 6 and 7,

All regressions of that paper are treated, using

computers "Odra-I304" and "Nairi-S" and the multiple regression
analysis program based on algorythms of Ref, I6.
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Comparative Investigation of the Nucleophilic
Substitution Reactions at Phosphoryl and Carbo-
nyl Centers, X. Bffects of Acyl snd Leaving
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The alkaline hydrolysis rate constants are mea-
sured spectrophotometrically for esters of some
p-substituted phenols and dimethyl, methylphenyl
and diphenyl thionphosphinic acids,RIRZP(S)OAr,

in I:I (v/v) aqueous ethanol at 25°C. A satisfac-
tory applicability of the LFE principle to the ef-
fects of acyl and leaving groups as well as a prac-
tical additivity of these effects are found in the
reaction studied. On the other hand,a substantial
non-additivity in the effects of acyl substituents
RI and on the rate constants is found.

Alkaline hydrolysis reactions for thionphosphinates are
poorer investigated kinetically than similar reactions for
rhosphinates '5. However, the data measured up-to-date in
our laboratory give a chance to estimate, perhaps as a
first approximation, the character of co-operative effect
of acyl and leaving group structures of esters R 1B P(S)OAr
on their reactivities in this reaction. Table I collects
the second-order rate constants k2, 1°mole Isec”I. for
alkaline hydrolysis reaction of MeZP(S)006H4Y-p (1),
MePhP(S)OCGH Y-p (II) and Ph 1>(s)oc‘5 4t-p (III) in I:I(v/v)
aqueous ethanol at 25°C. These values are measured spectro-
photometrically under pseudo-first-order conditions with
sodium hydroxide in a large excess. The experimental tech-
nique used is similar to that described in Refs. 6 to 8.
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Table I
Bimolecular Rate Constants k2 of Alkaline Hydrolysis
of Beters R;R P(S)006H Y-p

ky, 1 mole Tsec!

HezP(S)OAr MePhP(S)OAr thP(S)OAr

X0, 9.866+0.280° | 5.22640.093% | 0.I91+0.007°
Br | 0.676+0.014° | 0.589+0.0I0% | 0.0129+0.0002"
5 | 0.27640.006% | 0.192+40.008% | 0.0035+0.0000°

Me 0.1724-0.0065 0.10740.602% O.OOI73+0.OOOOIb

874 is measured in the present paper. bCorrected values.

Ref.4 lists the following values of ky: 0.142+0.004

(RO ), 0.0088+0.0003 (Br); 0.00397+0. 0008 (H), and

0. 00170+o 00006 (Me).
The data for series I and III have been previously reported
in Refs. 4 and 5. Esters II, as well as I and III, are
prepared by interaction of methylphenylthionphosphinyl
chloride with the corresponding phenols. The former is pre-
pared by a cleavage of MePhP(S)(S)PPhMe,using the method
described in Ref.9. All esters II are controlled by TLC
(plates "Silufol”, Chsechoslovakia), VPC and PMR methods.

The aroxy oroup effect on rate constants in the
series I-III follow accurately the substituent constants 6
as it been found in alkaline hydrolysis of m, p-substitut-
ed phenyl benzoateslo, phenyl acetatee7’a, phenyl tosilates
(Ref. II) and phenyl diphenylphosphinates . Regs. I, 2,and 3
in Table 2 1list parameters and statistics of Hammett-Taft
equations for series I to III,respectively. These sets have
high sensitivities to the leaving group effects, a; =
(see Table 2). They are much higher  than thej3-
values for corresponding carboxylates in 50% aq. ethanol'7
by but are comparable with a_ P-value for m,p-substitut-
ed phenyl phenylsulpbonatesII’Iz. One may also see a slight
dependence of the values of j) in Regs. I to 3 on the acyl
part substituents in the thionphosphinates.
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Table 2

Coefficients and Statistics of Various Linear
Regressions y = ag + arx

Reg. vy x 8, a; nf r 8,

I|log k(I)2 a° -0.565+ |I.7I8+ | 4|0.998} 0.048
0.028| 0.060

2 | log k()P a° -0.713+|I.624+ | 4/0.998)0.052
0.03I| 0.066

3 | log k(I)® G° -2.46I+|I.973+ | 4]0.998|0.055
0.032{ 0.069
4 |log K(I-I) | x 0.718% | 1.00t

5 | log k(I-l)e X -0.354+| I.053+|3|0.993|0.165
0.I07| 0.127

6 | log x(I-)f | x -1.038+| I.202+  3[0.998|0.089
0.058| 0.069

7 |10g K(I-I8 | X -0.809+ | I.I344|3|0.997(0.I21
0.078| 0.093

8 | log k(I-)? | pkl 30.567+|-6.475+ 3/0.998 0.081
1.896| 0.406

9 | log k(IdI)® | pkl 30.841+[-6.767+| 3/ 0.983| 0. 250
5.833| I.249

10{ 1og K(I-II)8 | pxi 32.859+ [-7.303+| 30.989] 0. 213
& 4.959| I.062

II| 1og k(I-II)T Bk, 34.723+|-7.757+| 3/ 0.992 0. 186
4.339| 0.929

12| 10g k (I-I1)¢ K, 1.5I2+|-5.85I+|3]0.979(0.261
0.3II| I1.275

13| 10g K(I-l)e . 1.678+ |-8.I112+{3(0.971|0.348
0.4I5| I.70I

14| 10g K5(I-M)? | 1og K}T-IF|-1.674+| T.534+|30.999 0.053
0.087| 0.063

15| 1og KY(I-N)® | 1log k}I-l)E-2.856+ | I.623+|3 0.996/0.108
| 0.I77| 0.I28

16|1og ¥(I-U)8 | log k%I-)*-3.498+ | 1.745+|3/0.999]0.060
| “0.098| “0.071

17|10g K(I-I)f | log kQI-I)k-3.888+ | I.849+ 3[0.999|0.024
| 70.039( o0.028

8For series I. bFor series II. °For series III.

are

from Ref. II.
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8Por Y = H. DThe values of pk (H-.0, 25°) for acids R-R,P(0)OH
Those for Ri,R, = Me and Ry,Ry = Ph are frofi & col-

lection in Ref. I5. For RI = Me and R; = Ph, the value of
K = 4.19 is estimated according to Ref. I5. 'The values®

of pK (50%(v/v) aq.ethanol, 25°Cc) for acids RIRZP(O)ancOOH.
K} correlation between log k(R,R,P(S)OAr) and for
alkaline hydrolysis of corresponding phosphinates

BIBZP(O)OMe in methyl cellosolve at 75°€C. IIn accordance with
the definition of X; see Eq. (I).

The Acyl Structure Effect. A succesive substitution of Me
for Ph-group in acyl part of the thionphosphinate increases
its alkaline hydrolysis (see Table I). Similar effect is al-
so observed in alkaline hydrolysis of carboxylates; phenyl
acetates MeC(O)OAr are more readily hydrolyzed in alkaline
solution than phenyl benzoates PhC(0)OAr; Of. data of Refs.

7 %o 9.The LFE principle is also well-applicable to the acyl
part structure effect in series I to III. Indeed, there
is a good linear relationship between the log k -values of
any two sets of esters RIR2P(S)006H4YI and RIRZP(S)0-06H4Y2,
1 # Y,, with varying structure of their acyl parts; see
Fig. I. Hence, the scale X of the acyl part structure effect
on that reaction may be constructed operationally in accor-
dance with P?LI3, i.e. a8 the following difference
X = log k(BIRZP(S)006H4H02-p) -
- log k(MePhP(S)OCGH4H02-p) (1)
According to Table I, X is 0.276, 0.00 and -I.437 for series
I, II,and III, respectively. Regs. 4 to 7 in Table 2 show good
statistics for the equation

log k(R[R,P(S)OAT) = a; + arX (2)
that describes the acyl effect on the reactions of
R.R,P(S)0C H,Y-p when Y = NH., Br, H,and Me, respectively. The

estimates of the coeffisient in these rsgressions are
found to be practically independent of the substituent

the leaving aroxy g&roup.



Fig.I. An applicability
of the LFB principle to
structural effect of ac-
yl group on alkaline hyd-
p-Br rolysis of thionphosphi-
nates, Pointeo,e and
correspond to diphe-
nyl, methylphenyl and di-
Q-1 oMo methyl thionphosphinates.

2 -1
logk(RyR,P(S)OPh)

It is noteworthy that values of log k for alkaline hydroly-
sis of RIRZP(S)006H4Y-p with any Y are in good linear rela-
tionship, see Regs. 8 to II in Table 2, with pK 's of acids
RIRzP(O)CHZCOOH measuredl4 under the same conditions.A poor-
er correlation also exists with pxa's for acids15 RlnzP(O)Oﬂ
in water solution at 20-25°C; see Refs. I2 and I3 in Table
2 .These correlations appear to claim some deep similarities
in the nature of effects of groups RI and R2 on the free
energy changes in these three processes. On the other hand,
between log k -values for alkaline hydrolysis of esters
RIRZP(S)OAr and methyl esters of corresponding phosphinic
acids, RIR2P(0)0Me, studied by Haake and coworkers16 in 40%
aq. methyl cellosolve at 75 ©, there are rather excellent
correlations; Regs. I4 to I7 in Table 2. These ones obviously
demonstrate the same type of the acyl structure effect in
both series. The last relationship is of great importance,
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since it shows apparently, together with a similar way of the
leaving aroxy group effects in alkaline hydrolyses of phosphi-
nates and thionphoephinatea4'6, an identity of detailed mecha-
nisms of two reactions or their great similarity at any rate.

A _Co-operative Bffect of Acyl and Leaving Groups. Good appli-
cabilities of the LFE principle to the acyl and leaving group
effects on alkaline hydrolysis of thionphosphinates assume
that a co-operative effect of those two factors in this reac-
tion should follow accurately the equation

log k(BIRZP(S)OAr) =ay +aX+ aZY' + aIZI!' (3)

Here X and Y' are measures of structural effects of acyl and
leaving groups, respectively, in this reaction; and a,
to ay, are coefficients. When one defines, in accordance with
PPL, these measures as follows*

X = log k(BR,P(S)0C4H,Y)) - log k(MePhP(S)OCE,Y,) (4)

Y' = log k(HePhP(S)OCGH4Y) - log k(HePhP(S)OCGE4YO) (5)

Y, is a group Y accepted as a standard one, the equation (3)
coefficients 85 8p and a, should obey the following condi-
t10n515 ag=log k(HePhP(B)OCGH‘YO)and ar = a; = 1.00. These
restrictions allow to reveal an actual significance y of a
cross-term aIZH ' that describes a non-additivity in the ef-
fects related with measures X and Y' in the series considered.
Table 3 1lists the results of statistical treatment of the
data of Table I within the framework of Bq.(3) for Y, = H
(Reg. I), Y, = NO, (Reg. 2) and Y, = G° (Reg.3).The equation
deseribes well all rate constants measured in this paper.
The estimates for coefficients 85s ar and a, in Regs. I-A
and 2-A coincide well with theoretical values, and the esti-
mates for ar, are statistically significant but rather small.
Bxcluding non-additive terms from these regressions does
not worsen their accuracies (see Regs. I-B and 2-B) and
causes no biasings in the estimates of a5, ay and aye The

+ Beries II is taken arbitrary as a basis for scales X
and Y', since the corresponding rate constants are between
those for series I and III.
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similar situation is also observed in Regs. 3-A and 3-E where
constants CTO are used as the measure of leaving aroxy group
effect. Thus, structural effects of acyl and leaving groups
in alkaline hydrolysis of thionphosphinates are, at first ap-
proxymation, independent., At any rate, their non-additivity,
if it actually exists, appears to be small. Similar situation
is also observedIa'I9 in alkaline hydrolysis of the carboxy-
lates RIC(O)OR2 when both groups RI and R2 are not o -branched
alkyls or other bulky substituents . On the other hand,
structural effects of groups YI and 12 in alkaline hydrolysis
of aromatic sulfonates YIGGE4S°2°C YZ are found to be
non-additiveZI. Such features in the co-operative effects of
acyl and leaving groups on hydrolysis of the esters of three
types of acids are apparently related with some features
in detailed mechanisms of these reactions. Hence, one can
conclude that the far reaching similarities observed in the
effects of acyl and leaving groups and in co-operativeness
of these effects in alkaline hydrolyses of oarboxylates
R;C(0)OR, and thionphosphinates RIRZP(S)OR3 are a result
of a large similarity in the mechanisms of two reactions.
Another argument in favour of practical additivity of the
effects of acyl and leaving groups in hydrolysis of the es-
ters considered may be found as follows. Let us assume that
312-0 in and introduce into this equation expressions
(4) and (5) for X and Y'. Then Eq. (3) for Y, = H transforms
to the relationship

log k(RInzP(S)OAr) = = log k(MePhP(S)OPh) +
+[log k(alnzp(s)om;) + log k(HePhP(S)OAr)] (6)

That is, the value of log k(RIRZP(S)OAr) and the sum

log k(RIRZP(S)OPh) + log k(PhMeP(S)OAr) should be linear-
ly related with slope and intercept ©being equal to I.00 and
- log k(MePhP(S)OPh) = + 0.7I7 (see Table I), respectively,
if the effects of acyl and leaving groups are independent to
a large extent. Fig. 2 shows that the experimental data of
Table I fit the theoretical straight line within Eq. (6)
coordinates with good accuracy and the corresponding regres-
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Fig.2. A correlation of
log k(RInzP(S)OAr) vs.
the sum of

log k(RIRZP(S)OPh) and
log k(MePhP(S)OAr). The
straight line corres-
ponds to the theoreti-
cal one with slope ar
and intercept 24 being
equal to I.00 and

-log k(MePhP(S)OFh) =

-3 -2 1 0 = + 0.7I7 (see Table
bgk(P,RZP(S)oph)+ I), respectively.
+ tog k(MePhP(S)0Ar)

sion is found to be as follows

log k(RIR-P(s)OAr) = (0.75I+0.032) + (6a)
+(I.015+0.017) [Log k(PuMeP(S)0Ar)+log k(RIRZP(S)OPh)]

n=1II, ,r =0.9988, 8y = 0.062

It does not, however, describe the point (see Fig.2) for
thP(S)006H4NOZ-p .
A Co-overative Effects of Substituents in

A _Co-overative 5siiects O ou e ==
Acyl Part of Thionvhosvhinates
We have aeenI"22 that sometimes an effect of groups RI and
R at phosphoryl phosphorus in compounds RIRzP(O)Y, Y is any
reaction center, may be non-additive. A similar situation
takes place with the effects of groups RI and R, in alkaline
hydrolysis of the esters studied. It is obvious from Fig.3
where the point for MePhP(S)OAr deviates significantly from
the theoretical straight line with slope and intercept being
equal to I.00 and zero, respectively, in coordinates
log k(R{R,P(S)0AT) and 0.5 [1log k(R{RP(S)0Ar) +
+ log k(RéR2P(S)0Ar) and for Ar = p-NO,CcH,*, i.e. the value

*Similar deviations are also observed for all groups Ar studied.
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Fig. 3. Non-additivity in
the effect of groups

Me,P(S)0Ar
and R2 on alkaline hydroly-

MePhP(S)0Ar sis of RIRZP(S)OAr, i.e.
deviation of the point for
log k(MePhPS OCGH4N02—p)
from the half of sum of
the values of log k for
esters thP(S)OCGH4N02-p
and MeZP(S)006H4N02-p.
PhoP(S)0Ar The straight line has the
theoretical slope, I.OO,

0 7 and intercepts the origin
0.5[(0gk(R,R,P(S)OAd+ of coordinates.

+logk(RyR,P(S)0Ar)]
Table 3
Coefficients and Statistics of Equation (3)
Reg. aq ar a, 53 n R So
I-4% | -0.7I4+ | I.009+ |I.034+ | -0.I02+ [I2 |0.999 |0.058
0.023 0.023 | 0.03I 0.030
I-B% | -0.737+ | 0.966+ |I.083+ 12 10.997 (0.085

0.033 0.029 | 0.038

2-aP | 0.692+ | 0.982+ |1.045+ | -0.I33+ |12 |0.997 | 0.088
0.054 | 0.054 | 0.044 0.053
2-8° | 0.737+ | 1.097+ |1.088+ 12| 0.996 | 0.104

0.058 0.045 | 0.047

3-4% | -0.804+ | I.I43+ |I.702+ | -0.I79+ |I2| 0.997 | 0.085
0.033 0.039 | 0.069 0.082

3-B® |-0.82I+ | I.097+ |I.772+ 12| 0.996 | 0.I0I
0.038 | 0.039 | 0.074

8The scales X and Y' are based on Equations (4) and (5) for
Yo = H. bThe scales X and Y' are based on the same equations,
but Yo = p-NOz. OThe measure X is calculated on the basis

of Equation (4) for YO = H whereas constants O° for

Y in the leaving aroxy group are used to describe its effect.
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of log k for ester PhMeP(S)OAr differs significantly from the
half of the sum of log k-values for esters Ph P(S)OAr and
Me P(S)OAr with the same leaving group OAr. Thia non-additi-
vity is yet seen when one is examining Table I carefully.

A substitution of Ph for the first Me-group in series I
reduces the reaction rate constant within ca. 20%, whereas a
substitution of Ph for the second Me, i.e. II *III, slows
down the reaction by a factor of 15 over that for ser.II.We
have no special intentions to discuss this non-additivity in
the present paper. It is only noteworthy here that this
effect may arise as a result of some differences in polar,
conjugative and/or steric interactions between two Ph-groups
in the initial and transition states for the hydrolysis of
diphenyl thionphosphinates, e.g. see Refs. I5, I7 and 22.
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Comparative Investigation of Nucleophilic
Substitution Reactions at Phosphoryl and
Carbonyl Centers. Part XI. Alkaline Hydro-
lysis of Phenyl Dimethylthionphosphinates
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The alkaline hydrolysis kinetics is investigated
for some esters HezP(S)OCGH Y-p inaqueous solution
as well as in 50 and 90 % (v/v) aqueous ethanol at
25°C, The LFER principle is well applicable to the
medium effect on this reaction. A combined effect
of leaving group structure and solvent mixture com-
position on the reaction rate constant is found to
be substantially non-additive. An experimental
reverse in the k dependence upon solvent composition
proves the non-additivity strongly. The resultis
obtained for the phosphorus series are compared
with those found for phenyl acetates and similarity
between the rate-limiting steps in these reactions
is assumed.

Effects of the leaving group eubstituent and the solvent mix
ture composition on alkaline hydrolysis of phenyl acetates
HeC(O)OCGH4Y-m.p (I) are found to be non-additive to alarge
extent. Constantsjo for alkaline hydrolysis of esters
Me,P(8)0C¢H,I-p (11) inzvater and in 50% (v/v) aq.ethanol al-
so differ substantially“. The present paper considers both an
applicability of the LFER principle to the ethanol-water mix-
ture composition on the latter process and a co-operative ef-
fect of that factor and the leaving group structure in this
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reaction. The results obtained are compared with those found
in similar inyestigationI for series I. The reaction kinetics
for series II with Y = Me, H, Br and 502 is measured spectro-
photometrically under pseudo-first-order conditions(high ex+
cess of sodium hydroxide) at 25°C in water solution as well as
in 50 and 90 % (v/v) aq. ethanol. The methods and apparatus
used as well a8 gynthesis of the esters have been described
previouslyz. Bimolecular rate constants k, I mole Isec

(Table I) are obtained by the least-squares method from the
pseudo-first-order ones measured in three parallel sets at

three to five sodium hydroxide concentrations. For mathemati-
cal and statistical treatments the computers "Nairi-C" and

"0dra-I304" (Poland) are used.

Results and Discussion

An effect of the aroxy leaving group on alkaline hydrolysis
rate constant of esters II follows adequately constants &°
(Rege. I to 3 in Table 2). Similar effect was also observed in
series I. The higher ethanol content in the solvent the
higher JD -value is observed in both series. Constants jD for
series II are higher than the corresponding ones found for
geries I under the same conditions (Regs.4-6, Table 2) .How-
ever, there is a good linear relationship (Reg.7) between
these f values for two series. It shows a higher sensitivity
of the constant JD in series I to solvent composition. A sol-
vent dependent JO-constant for series II is a result of a
strong non-additivity in the structural and medium effects in
that series. As a consequence of this non-additivity, the iso-
parametricity phenomenon7 (IPP) is observed in this reac-
tion,i.8. a reverse of solvent effect on the reaction rate
constant with change in the leaving group structure.The rate
constants for esters with Y = Noz, Br and Y = Me, H change in
opposite directions with increasing ethanol content in the sol-
vent mixture. Similar behavior was also found in alkaline
hydrolysis of esters I in aqueous ethanol.

In series II the solvent composition effect on k
also strictly obeyes the LFER principle. The log k - values
for the esters with Y = H and KO, (Table 2, Regs.8 and 8a;
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Table I

Bimolecular Rate Conetante k, I nole'Iuc'I,
for Alkaline Hydrolysis of Beters I at 25°C

Y | %2 k Y %2 k

w0,| o 5.12240.072° 90 | 0.81940.0I0
10 6.04840.162 | H 0 | 0.369+0.006°
30 7.27540.045 30 | 0.329+0.006
40 8.024+40.186 50 | 0.267+0.006°
50 9.866+0. 280° 80 | 0.245+0.003
70 I1.93340.451 90 | 0.223+0.006
80 12.98840.176 | Me 0 | 0.238+0.004°
90 15.14440.428 50 | 0.I72+0.006°

Br | O 0.629+0.007° 90 | 0.I5I+0.007
50 0.677+0.0I4°

8Rthanol content in solvent mixture; in vol.%.

Ref.

2.

25°¢
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Table 2
Coefficients and Statistics of Various Regressions

y= A + Bx
Reg. ¥y x A B n| r 8,
I |10g 3,00 | &0 -0.464+| 1.285+|40.997/0.059
0.035| 0.075
2 [10g kF3,50%° -0.565+| I.7I9+ | 4]0.999/0.047
_ 0.028 | 0.060
3 |1og kFS,90%°| G° -0.598+| 1.978+ | 4(0.999/0.05I
0.03I| 0.065
4 |08 x%,m0 | ¢ 0.I59+ | 0,946+ | 4/0.999|0.020
0.0I2| 0.025
5 [10g x°0,50° | &°4 0.I5I+| I.376+ | 40.999(0.034
0.020| 0.043
6 |10g x°%,90%¢| &°4 0.192+| 1.734+ | 4]0.998(0.049
0.029| 0.062
co
7 0.466+| 0.884+ | 3(0.996[0.046
P Y JD 0.II5| 0.083
8 [log kB° log ¥¥5 | -0.160+|-2.050+ | 5/0.993{0.026
(1=H0,) (Y=H)® 0.079] 0.I42
8a| " " — |-1.773+ | 5[0.999{0.037
0.030
9 [10g kS log k°° 0.072+| 0.642+ | 5{0.9930.024
(Y=N0,) (r-noz)8 0.06I| 0.043
9a| " " — 0.642+ | 5[0.999]0.025
10|10g K*%,8,0 [10g k°TH,0 [ -0.679+| I.352+ | 4[0.9930.085
0.062| 0.1T4
II10g K5 350%° |10g x°O50% | -0.754+| I.248+ | 4]0.998{0.052
0.035| 0.048
12|10g k¥590%° |10g k°%90% | -0.817+| I.140+ | 4[0.999{0.030
0.02I| 0.022
13| A(I0e12) |sCOsb -0.679+|-0.187+ | 3[0.996 [0.003
0.003| 0.005
14| B(I0e12) |8¢0si 1.354+|-0.285+ | 3]0.999/0.005
0.005| 0.0I0
8Constants &°© from Ref. 4. For p-Br it is assumed that
&% = ©° (See Ref.5). P50% ethanol. °90% ethanol. YThese

regressions differ from those in Ref.I because of differences
S °.The more reliable k value is used here

in

the scales

for unsupstituted ester I (See Ref.6) in agueous solution.
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-08 -04 0 04 08 12 16
log k(Me, P(S)0Ph) or logk(MeC(O)OPh)

Fig.2. A: Plot of log k(Me,P(S)OCgH,NO,~p) vs.
log k(KezP(S)OPh) and B: a dependence of

log k(KeZP(S)OC6H4N02-p) upon log k(HeC(O)OC6E4N02-p)

in mixtures with varied content of ethanol. The figures
correspond to the ethanol content, in vol.%. Both

straight lines intersect the point (0;0).

®Por miztures with O, 30, 50, 80, and 90 % of ethanol. 5The
relationship between log k-values for esters I and II with
Y= N02 in mixtures with 0, 40, 50, 70,and 90 per cents of
ethanol. b, correlation between the intercepts A in Regs.
10412 g%, 1A correlation between the slopes B in Hege.
10 to I2 and S°°.

Pig. 2,A) are linearly related when ethanol content in the mix-
ture varies from O to 90%. This relationship has a negative slope
(See Figs. I and 2) and passes through the origin of coor-
dinates.

Since the LFER principle is well applicable to the structu-
ral and solvent effects on the hydrolysis of II, the combined
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effect of the +two factors in this reaction should follow
accurately the equation

log k a= a; + aIG" + azsPS + 5331’860 (1)
when one defines, in accordance with PPL° and with Ref.I,

the solvent effect measure operationally

PS

S = log k(MezP(S)OC6H4N02-p, i-th mixture) -

- log k(HezP(S)006H4N02-p, E,0) (2)

The corresponding regression that describes adequately the
data in water solution as well as in 50 and 90% ethanol is
shown in Table 3 (Reg. I). Excluding the cross-term, one
finds the worse regression (Reg. Ia in Table 3). Its insig-
nificant term aZSPS is in drastic disagreement with Table I
as well as with Fig.I. In Reg. I the estimates for 8, and
ar well coincide with the intercept and slope in the Ham-
mett equation for esters II in aqueous solution (See Reg.I
in Table 2). This fact proves that the estimates of Reg. I
for coefficients a, to in equation (I)’are unbiased. For
this series the isoparametric value7'8 é&o = -32/53 is

as large as 0.I97 that explains the opposite ways of solvent
effect on the esters with groups Y = Me, H and Y = Rr, NO,.
Table 3 enlists also, for comparision, analogous regres-
sioneI for hydrolysis of acetates I.They are based on the
solvent effect scale constructed similarly to equation
(2). There is an excellent linear relationship between the
log k - values for esters I and II with Y = HOz-p measured
in the same solvent mixtures when ethanol content varies
from 0 to 90%. It passes through the coordinate origin (See
Regs. 9 and 9a and Fig. 2, the line R) and reflects homoge-
neity of solvent effects in two series. That is, there

is a deep similarity in mechanisms of solvent effects

on the +two series. Hence, one can describe the solvent
composition effect on series I and II by the same scale, e.
&. by the scale SCO_ In other words, the rate constants
for series II should follow accurately the equation
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Table 3
Coefficients and Statistics for Equations (I) and (5)

Czefé.Reg.I Reg.Ila | Reg.2 Reg.2a Reg.>3 Reg.4
Stats. kPS kPS,a kCO,a,b kCO,a,b kPS,b K.c

8, -0.469+ |=0.564+ | 0.I5I+ 0.168+ | -0.474+ | -0.679+
0,026 0.070{ 0.0I9 0.0I2 0.027 0.034

a; | I.289+ 1.660+ | 0.952+ 0.933+ I1.308+ I.357+
0.055 0.I00| 0.039 0.036 0.057 0.058

a, -0,29I+ | 0.085+ | 0.043+ — -0.I82+ | -0.I86+
0.082 0.205| 0.038 0.055 0.069
ag I.475+ — I.062+ I.II2+ 0.933+ | -0.291+
0.174 0.082 0.070 0.1I7 0.I00

n I2 I2 I2 I2 I2 I2

R 0.998 0.984 | 0.999 0.998 0.998 0.998
S 0.046 0.I38 | 0.034 0.034 0.049 0.052

L0

814 giffers from that in Ref. I because of differences in
the scales of constants 6°. Prhe solvent effect scale S 0
is definedI as follows 50 . log k(HeC(0)0¢N02-p, i-th mix-
ture) - log k(HeC(0)0¢N02-p, HZO)' CThis is a regression

log kPS = a5 + aIlog K7+ azsco + a3log kCOSCO

. The nume-

rical values of log kc and SGO are from Ref. I. The more
accurate k-value for ester I with Y = H in 320 is from
Ref. 6.

log o ay + aIEi° + azsco + a3Sc°CT° (3)

Here SC0 i the solvent effect scale derivedI from the data
for acetates I. Regression 3 in Table 3 corresponds to this
equation. This regression and regression I in the table
have the same accuracies and their estimates for ag and for
ap well coincide.

Since Regs. 2a and 3 for series I and II, respectively,
are based on the same scales one can compare them. Thus, se-
ries II ies more susceptible to the leaving group structure,
whereas non-additivity of two effects in this series is low-
er than that one in  series I. That is, in series I varia-
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tion of solvent composition exerts stronger influence of the
structural effect on the rate constant. That is also seen from
the slope found for a linear relationship of 0,8 vsj7°'co
in mixtures considered (Reg.7, Table 2). It should be equal
numerically to the ratio of coefficients in equation (I)
for esters II and I. According to Regs. 2a and 3 in Table 3,
this ratio is as large as 0.84I. This estimate agrees well
with the slope, 0.884+0.083, in Reg. 7 of Table 2.

Measured in the same solvent, the log k-values for esters
II and I are related linearly (Regs. IO to I2, Table 2). Both
the intercepts and the slopes of such relationships are linear-
1y related with the scale sC0 (Regs. I3 and I4, Table 2). In
accordance with the latter regressions, the log k-values me-
asured in the same solvent for esters II and I with the same
leaving groups should obey the relationship

log K5 = -0.679 + I.354I0g k°°

- 0.2855%010g k%0 (8)

-0.1878% _

Here k“o is a rate constant for ester I. Multiple regression

analysis of the data for esters II within the framework of
the equation

P 0 +a g00

5 - ay + arlog x° 2 + a5log k0sC0 (5)

log k

gives the regression (Reg. 4 in Table 3) whose coefficients
well coincide with their counterparts in equation (4). The
terms azs°° and 33800105 koo appear to describe different
intensities of homogeneous solvent effect on two series as
well as different non-additivities of two factors considered
on these reactions.

Some Conclusions
Close inspection of the present results shows that alka-

line hydrolyses of phenyl esters I and II are similar in
some respects:

I. Both reactions are bimolecular, being first-order on sub-
strate and nucleophile concentrations,respectively.

2. The rate constants for two reactions are comparable when
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leaving groups, solvent compositions,and temperatures are
the same .

3. The leaving group effects in two series are homogeneous.

4. The effect of solvent mixture composition on these two
reactions is also homogeneous within the ethanol content varia-
tion from O to 90

5. Co-operative effect of leaving groups and solvent composi-
tion is substantially non-additive in two reactions and the
isoparametricity phenomemon is observed in both series.

6. Both processes are isoenthalpic and have comparable acti-
vation energies and frequency factors*.

Equation (4) and corresponding regression 4 in Table 3
strongly confirm deep similarity between two reactions and
show , in our opinion, that there are no any quantitative dif-

ferences in the effects of the factors considered on these
processes. It is also noteworthy that structural effects of
acyl and alcoholic parts on alkaline hydrolyses of esters
R;C(0)OR, and RRIP(S)OR, are practically additivel® It seems
to be impossible that such similarity is only fortuitous.
This similarity requires a close correlation between detailed
mechanisms of rate-limiting steps in these reactions. Such
step appears to be formation of an intermediate with
higher coordination number when anion HO™ attacks molecules
of esters I and II.
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Kinetics of the alkaline hydrolysis of some es-
ters H92P(8)006E4X-p (1) is measured spectrophoto-
metrically in aqueous solution ass well as in 50
and 90% (v/v) aqueous ethanol at 15,35 (partly)
and 55°C.With regard for the data measured at 25°C
the LFER principle applicabilities to the effects
of the leaving group structure, solvent mixture
composition, and temperature are shown in the seri-
es. A multiple regression is found that describes
adequately the influence of these factors on the
reaction that is an isoenthalpic process with re-
spect to variation of X. To account for the expe-
rimentally observed large similarities in the ef-
fects of the above factors on alkaline hydroly-
ses of esters I and phenyl acetates, the ad-
dition-elimination mechanism (7) is proposed for
the phosphorus series. It assumes the rectangular
pyramidal transition state Tp formation in the
rate-limiting addition of anion HO to the ester
molecule.

In the alkaline solution the esters HeaP(S)OC6H4I-p(I)

undergo

of phosphinic

alkaline hydrolysie?as well as various esters
2,3 and carboxylic acids ' . The reaction
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Table I

Bimolecular Rate Constants of Alkaline Hydrolysis

of Esters I
I -1
X t?c k, 1 mole sec
oﬂ 503 903
p-K0,| IS 2.67630.015I 4.01340.057 )
25 5.12240.0721| 9.866+0.280 15.14440.428
35 27.37740.333
55 | 35.36441.033 |69.152+2.359 | I3I.609+3.471
p-Br| I5 | 0.32940.006 | 0.386+0.007
25 0.629%0.007%| 0.677+0.014X| 0.819+0.010°
35 2.298+0,081
55 | 6.I3440.092 | 6.27240.274 | 8.23440.127
B | 15 | 0.I9240.002 | 0.10240.002
25 0.369+0.0061| 0.267+0.0061] 0.22340.006°
35 0.71240.045
55 3.02940.063 | 2.21940.062 | 2.08I40.039
p-Me | I5 | 0.I40+0.00I | 0.06I40.00I
25 | 0.238+0.004%| 0.172+0.0061| 0.151+0.007°
35 0.309+0.006
40 0.571+40.015
55 2.13540.033 | 1.54240.038 | I.463+0.022

Ethanol content in the solvent mixture; in volume %.

is bimolecular being first order in the substrate and in

anion HO™ concentration respectively. An investigation of the
reaction of esters I in ethanol-water mixtures and in water
solution at 25°C shows both a good applicability of the

LFER principle to the solvent effect in that series and g
substantial non-additivity’’® in the effects of X and sol-
vent on the reaction rate. In this paper we are studying

the alkaline hydrolysis kinetics for soma p-substituted ss -
ters I in aqueous solution ae well as in 50% and 90% (v/v)
aq. ethanol at IS5, 35 (partly), and 55°C, The bimolecular rate
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constants, k, are collected in Table I. where our data for
25°C are also listed. The reaction is investigated spectropho-
tometrically under pseudo-first-order conditions with sodium
hydroxide in a large excess. The experimental and mathematical
routine, apparatus used and syntheses of the compounde are
described in Befs. I, 3 and 6.

Table 2
The Taft-Hsmmett Equation Parameters
I

BtOH Con- L0
tent,% t,C log ko n r 8,
0 15 |-0.706+0.0I7 | I.25340.036 | 4 | 0.999 | 0.028
251 |-0.46440.035 | 1.285+0.075 | 4 | 0.997 | 0.059
55 | 0.486+0.004 | I.184+0.009 | 4 |0.999 | 0.007
50 I5 1-0.953+40.039 | 1.767+0.083 | 4 | 0.998 | 0.066
251+€_0.56540.028 | I.719+0.060 | 4 | 0.998 | 0.048
55 | 0.379+0.0I9 | I.623+0.042 | 4 |0.999 |0.033
90 256 |-0.597+0.03I | 1.978+0.065 | 4 | 0.998 | 0.052
35 |-0.189+0.039 | 1.847+0.083 |4 |0.998 | 0.066
55 | 0.385+40.035 | 1.939+0.074 | 4 |0.998 | 0.059

3ppe constante & ° are from Ref. 7; for p-Br 6 ° is accept-
ed to be equal to its conmstant & © (Ref.9).

In accordance with the results foundI'6 at 25°C, the ef-
fect of X on the reaction studied in all solvents as well as
at all temperatures follows accurately the equation(Table 1)

log k = log kj +P5° (1)

Its slope P depends on the solvent but not on temperature
as it has been observed in the alkaline hydrolysis of phe-
nyl acetateeu in aqueous solution and in aq. ethanol. The
LFER principle is also well a.ppl:l.cable6 to the solvent com-
position effect on the reaction studied and the k depen-
dence on this factor fits precisely, at any temperature, to
the equation‘5 (Table 3)
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S (2)

Here b is a susceptibility coefficient, whereas k, and ko
are the rate constants in a j-th solvent and in water solu-

log kJ = log ko +

tion,respectively, and the solvent scale S 1s derived opera-
tionally

Sy = log k(25°c,p-102,1-th mixture) -
- log k(25°, p-HO,, H,0)

Table 3
Equation (2) Coefficients and Statistics
x |t°% log k, b n| r 8
0, | 25 1.000%
55 | I1.534+0.042} I.I96+0.I32 |3 |0.993| 0.044
Br 25 [-0.2I2+0.03I| 0.245+0.097 | 3 | 0.929 | 0.033
55 | 0.770+0.053| 0.252+0.165 | 3 | 0.836 | 0.055
H 25 |-0.435+0.006|-0.467+0.0I8 { 3 | 0.999 | 0.006
55 | 0.472+0.028|-0.357+0.088 | 3 { 0.97I | 0.029
Me 25 |-0.628+0.015|-0.426+0.042 | 3 | 0.993 | 0.0I6
55 | 0.318+0.033{-0.358+0.102 | 3 | 0.96I | 0.034
2In accordance with the definition of the S-scale; see the
text.

The slope b depends on X. Equation (2) has poorer sta-
tistics for X = Br since (¥ ° (p-Br)  nearly equals the
corresponding isoparametric value (¥ ©, On the other hand,
b does not depend obviously on temperature. The combined
effect of X and solvent compositian on k in this series fol-
lows accurately the equation

log k = 8y + a;6° + a8 + 3386" (3)
at I5, 25° (See Ref.6) as well as at 55°C( See Table 4). Ex-
cluding the cross-term one finds that its statistics and ac-

curacy worsen substantially. Reality of this term proves
strongly the isoparametricity phenomenonIvsv9 observed at all
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Table 4

The Coefficients and Statistics of Equation (3)

Eoef!s.& Temperature, ]
tatistics 15 25 (Reg.6) 55
8, <0.70640.030 | =0.469+0.026 | 0.473+0.026
a; 1.253+40.064 1.289%0.055 | I.I80+40.054
8, -0.865+0.149 |-0.291+40.082 |-0.229+0.08I
By 1.803+0.317 1.47540.1I74 | 1.58840,172
n 62 12 12
R 0.998 0.998 0.998
0.05I 0.046 0.046
2Q b b b
6 0.480+40.118 0.I197+0.060°| 0.I44+40.053

8Based on the data for water solution and for 90% ethanol only.
bl‘he standard deviations for © are estimated in accordance
with the error accumulation lavn.

temperatures (See Table I), i.e. a reverse in the rate cons-
tant dependence upon a solvent composition with a change in X
from Me to 102.

Rquation (3) coefficients a; and are independent of
temperature, vhereas some increase in a, is observed while tempe-
rature increases. The estimate for a, at IS° is, however, un-
certain to a large extent because of lack of the experimental
data for 90% ethanol at this temperature*. ©On the other hand,
the isoparametric value & © that is estimated from regres-
sion (3) at different temperatures does not depend upon tem-
perature. A similar independence of O © was also found for
phenyl acetates‘.

The temperature effect on k follows satisfactorily the
Arrhenius equation (Table 5)

log k =logA + a(10%/1) (4)

#Bimolecular constants k are not estimated for these temperature
and solvent because of a large scattering observed in the
corresponding pseudo-monomolecular constants.
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B, (kcal/mole), for Alkaline Hydrolysis of Esters I.

Table 5
Parameters of Equation (4) and Activation Energies,

X | % log A a B: n r 8
loz 0 { 9.68+0.2I | ~0,67+0.06 | 12,20+0.30 | 3 {0.999| 0.020
50{10.65+0.44 | ~2.89+0,I3 | I3,2I+0.6I| 3 | 0.998| 0.04I
90|1I1.56+0.86 | =3.10+40.27 | I4.20+I.23 | 3 | 0.996 | 0.059
Br | O | 9.63+4I.03 | =2.9I+0.3I | I3.30+I.44 | 3 | 0.994 | 0.097
50| 9.69+0.73 | =2.92+0.22 | I3.37+I.02| 3 | 0.997 | 0.069
90|II.3840.60 | =3.42+0.18 | I5.65+0.84 | 3 | 0.997 | 0.057
H 0 | 9.2040.38 | -2,86+40.II| I3.I0+0.52| 3 |0.999| 0.035
50| 9.88+0.43 | =3.I240.I3 | I4.3I+40.59 | 3 ( 0.999| 0.040
90| 9.69+I.89 | =3.06+0.59 | I4.0I+2.69 | 3 | 0,982 0.I29
Me | O | 9.03+0.79 | ~2.86+0.24 | I3.08+I.09 | 31 0.996 | 0.074
50 |I0.16+0.55 | =3.27+0.I7 | I4.95+0.77 | 3 | 0.998( 0.052
90 [I0,I340.72 | =3.26+0.23 | I4.94+1.03 | 4 | 0.995| 0.049

8An ethanol per cent (v/v) in the eolvent mixture. =

= -4,576a. In accordance with the error accumulation lavII,
8(B,) = 4.576s(a).

in all solvents. In the same solvent, its coefficient a as
vell as an activation energy Ba = -4,576a do not depend, with-
in their uncertainties, upon X. On the other hand, their clear
dependence upon +the solvent composition is absent. An Ar-
rhenius equation applicability to any series is equivalentIo
mathematically to the LFER principle applicability to the ef-
fect of temperature on this series. Thus, applicability of
this principle to the effects of the leaving group structure,
the solvent composition, and temperature on alkaline hydroly-
8is of esters I is the necessary and sufficient condition for
an applicability of the polylinear equation

log k = ay + 8;5° + 88 + a;T + a‘sa" +
+ aso'°1: + 88T + a7sc")’°7: (5)

to the combined effect of these factors on the reaction rate
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Table 6
Coefficients and Statistics for Bquation (6)

g:e::.& *Theor." Calculated Values
atis- a
tics Values™| Reg.I | Reg.2 | Reg.3 Reg. 4
8y =0.464+ |[=0.426+ | =0.425+ | =0,44I+ =0.531+
0.035 0,019 0,018 0.033 0.033
ar I.285+ I1.265+ I1.256+ I.257+ I.614+
0.075% 0.045 0.043 0.047 0.056
a, =0.467+ |=0.402+ | =0.377+ | -0.269+ 0.094+
0.0I8 0.079 0.075 0.071 0.II7
53 2.86+ 2.864+ | 2.8I2+ | 3.009+ 2.898+
0.II 0.II2 0.096 0.069 0.I36
8, I.475+ | 1,509+ | I.433+ | I.4I7+ -—
0.174 0.164 0.134 0.I48
- =0.2I4+ - —-— —
% 0.237
ag - I.034+ | 0.948+ - -
0.408 | 0.344
- -0,268+ - - -
%7 6.835
n 36 36 36 36
R 0.997 0.997 0.996 0.987
So 0.061 0.062 0.068 0.I33

8See the text.

constant in this series. Here 7 = (10°/298 - I0°/T) is a cen-
tered sca.leI2 b for temperature. When two ones of the equa-
tion variables.EBO. S or T , are taken constant, it trans-
forms to the Hammett equation (I), or to equation (2) for
solvent effect and to Arrhenius equation. According to

Tables 2 and 5 equation (5) will have a non-sero term

a4S G° , 1i.e. a, # 0, since the equation (I) constant p de~
pends on S. This constant as well as coefficient a in equa-

*Ref, I3 shows that such scale decreases substantially a
strong non-orthogonality between the columns of Cf° and S and
their products with I/T in the matrix for regression analysis.
These non-orthogonalities are a great obstacle for estimation
of reliable coefficients of the regression equation.
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tion (3) are both independent ©of temperature. Hence, coeffi-
clients and a; in equation (5) should be insignificant. On
the other hand, one can't do a reliable conclusion concerning
significance of its coefficient ac. According to the paramet-
rization used, the coefficients a5 and a; of that equation
should equal the constants log ko and p in the Hammett
equation for esters I in aqueous solution at 25°0; these are
-0.46440.035 and I.285+0.075 respectively; see Table 2. Coef-
ficient a, in equation (5) will coincade with b in equa=
tion (2) for X = H at 25°C that is as large as -0.46740.018,
And the coefficients and a, in equation (5) should be
equal to the coefficient a taken with opposite sign in
equation (4) for X = H (2.8640.II; Table 5) and ag in
equation (3) at 25°C (I.475+0.I74; Table 4), respectively.
Table 5 shows applicability of equation (5) as well as
some its redwced forms to the experimental data measured. In
this Table Reg. I has high quality. Its coefficients ag and
a, are really insignificant while ag is found to be non-se-
ro. The estimates for &g to a, in this regression agree
well with their "theoretical" values. Excluding the

zero terms has no effect on the regression accuracy and on
its other terms (see Reg.2). Further excluding the term
a-3T causes some biasings in the estimates of a, and

(see Reg, 3) and a, becomes different significantly from its
"expected" value.One might consider this biasing as an argu-
ment for real significance of this term in equation (5).
Both the coefficient a in equation (4) and the activation
energy Ea should then be dependent on solvent composition.
However, the use of "inner" scales for all factors shows that
this term is rather insignificant as it has been :tmmd4 for
phenyl acetatee. Hence, Reg. 3 appears to be the true repre-
sentation of the cooperativeness in the effecte of the fac-
tors considered on the alkaline hydrolysis of esters I.
And the question of real significance of the term 3631:' in
equation (5) remains open for the more thorough studies.
Similar situation has been found‘ for alkaline hydrolye-
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is of phenyl acetates. The additive model (see Reg. 4) has an
unacceptible accuracy. Ite coefficients ag and are substan-
tially biased and is found to be nil.This forces us to state
that rate constant k of our reaction does not depend upon
solvent. However, such conclusion is in sharp disagreement
with the experimental data (see Table I).

Digcussion and Some Conclusions

In Part XI of this series we paid some attention to deep
similarities in the relationships observed in alkaline hydrol-
ysis of esters I and phenyl acetates. They are as follows.

I. Both processes are bimolecular (first orders on OH and
an ester concentrations, respectively).

2. The rate constants k for two reactions are comparable
when a solvent, a leaving group, and a temperature are the
same for both series.

3.The leaving group effects on the rate constants are homo-
geneous in two processes.

4. The solvent effects on the rate constants in two series
are linear within the ethanol content variation from O to

90 %.

5. The effects of leaving group structure and solvent compo-
sition are substantially non-additive in both reactions.

It is also noteworthy that acyl and alcoholic parts have in-
dependent effects on the rate constants in the alkaline
hydr&lysis of thionphosphinates and carbuxylatesl4'15.

The present investigation reveals unambiguously that simi-
larity between two series is much deeper, i.e.

I. in these seriee both an activation energy and - constant a
in Arrhenius equation do not depend on the ester struc-
ture, i.e. both reactions are isoenthalpic processes in
respect to the leaving group variation;

2. in both series, the activation energy is practically in-
dependent, within its uncertainties, on solvent composition;

3. the mean® values of the activation energies for two ser-

*These values are evaluated from the data for all substituents
and solvent mixtures considered. The standard deviations for
arythmetic means are also presentedII.
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ies are comparable, i.e. I3.9440.28 and I0.5I%0.22, respec-
tively;

4. the frequency factors in two series are also comparable;
log A varies from 9.0 to II.4 in series I and from 7.5
to 9.1 for phenyl acetates;

5. the co-operative effects of solvent, leaving group struc-
ture and temperature on two reactions are vell described by
the similar polylinear equationms.

To account for these similarities one ehould assume a large
similarity between the rate-limiting steps in two process-
es. In alkaline hydrolysis of phenyl acetates as well as other
carboxylatee with good leaving groups the rate-limiting step
is an intermediate III formationl’~20 (see scheme (6) and
Pig. I-A, k, s = k; since k, & ks). Scheme (6) with rate-
controlling HO™ attack well rfgionalised, in our opinion, an

0 o~

0 ;
I HO” I l ks
AC)\ -;;» Lc.{""'OH ,E.\"‘OH ~ Products
Ar0™ 4 Me _Ar0 % Me Ar0”* Me (6)
I L 111
L = 120° 109< oL < 120° L = 109°

additivityIs in electronic effects of RI and R2 on hydrolysis
of eeters RIC(O)OR2 as well as a substantial non-additivityI8
in steric effects of bulky alkyl groups RI and Rz g$ this
process. It also rationaliszes the general equation™’ that
describes adequately a co-operative effect of structure, tem-
perature, and solvent on alkaline hydrolyeis of ethyl benso-
ates in various organo-aqueous mixtures.The scheme assumes
that solvated anion HO™ attacks the electrophilic reaction
center on carbonyl carbon at obtuse angle to the carbonyl
group and this attack causes compression in the angle o be-
tween the substituents Me and OAr. This compression leads
to a substantial increase in steric interactions between
these substituents.The transition state Tc structure is in-
termediate between them for initial ester II and for addi-
tion compound III. The additivity in the electronic effecte
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Reaction Coordinate Reaction Coordinate
Pig. 1. The reaction pathways for alkaline hydrolyses
of phenyl acetates (A) and diphenylthionphosphinates
(B). Por the latter reaction three possible routes are
shown: a) I — T. IY: Products; b) I
== IY- Products and ¢) I Products.,
The heights of barriers correspond to the condition
bobsd : kI; kI ie the rate constant for attack of an-
ion HO® on the ester molecule.

of groups Ry and 032 on hydrolysis of RIC(O)OR2 assumes that
the corresponding interactions between the groups do not
practically change with formation of new bond in the tran-
sition state. Hence, the electromic effects of these groups
affect only the effective nucleophilicity of the reaction
center.

The mechanism of nucleophilic substitution at tetrahed-
ral phosphorus is a point of large controvercy2 . Some in-
vestigaters assume that it is a one-step reaction““’ si-
milar to bimolecular substitution reaction at a saturat-
ed C-atom and denote it as Sy2 (P). The others claim that
this reaction is a two-step processz'z4 and that a pentaco-
ordinated bipyramidal intermediate. with attacking and leav-
ing groups in apical positions, is formed during the reac-
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tion. According to Ref.2 the latter mechanism is the appro-
priate one for alkaline hydrolysis of phosphinates and thion-
phosphinates as well, since there is an excellent linear rela-
tionship™ between the rate constants for these two series of
compounds. However, it is difficult to account for the simila-
rities found between the alkaline hydrolyses of esters I
and phenyl acetates within the above models for the reaction
mechaniem for the phosphorus series. To account for these si-
milarities one might assume that anion HO™ reacts with phe-
nyl acetates and with the other carboxylates as well in a bi-
molecular one-step way similar to the SHZ reaction. Such hypo-
thesis disagrees however with low activation energies for
those reactions as well as with the results of numerous inves-
tigations in this field, e.g. see Refs. I9 and 20, Thus, it
is more reasonable to assume that alkaline hydrolysis of thi-
onphosphinates is an addition~elimination process with rate -
-limiting attack of anion HO™. We assume then that the anion
attacks, similarly to the hydrolysis of phenyl acetatee, the
phosphorus atom (see Fig. (7)) at obtuse angle to the bond

P=S rather than from the opposite* side to this bond. That is,
the anion approaches the reaction site between any two of the
substituents Me, Me and OAr, e.g. in the plane formed by two
bonds P-Me.Similarly to scheme (6),such an attack leads

to the compression of the tetrahedral bond angles and leads
to formation of a transition state TP with distorted rectan-

#In such way of the attack the solvated anion would overcome
large steric repulsions with three substituents screen-
ing the electrophilic reaction center on thicnphosphoryl
phosphorus. This way does not also account for both the
similar solvent effects on two reactions compared and an in-
crease in steric interactions between the substituents at
phosphorus atom in the course of the reaction, i.e. it dis-
agrees with the facts observed experimentallylA.
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gular pyramid* structure. Three reaction routes are then pos-
eible**. In a three-step pathway (a) the transition state TP
gives first intermediate IY that isomerizes in the energetical-
ly more stable form Y with apical groups HO and Ar0 and the
latter form falls further to the reaction products. A second
wvay (b) is a two-step and has the only intermediate IY, where-
as in the third pathway (c), being two-step as welJ,TP trans-
forms directly in the intermediate Y.

The hypothetical transition state TP well explains, in our
opinion , an additivity in the electronic effects of acyl and
alcbholic parts in thionphosphinates on their hydrolysis if
one assumes also that formation of the new bond with anion
HO does not distort the electronic interactions between these
substituents. It explains also the homogeneous solvent ef-
fects on the reactions compared. The higher activation ener-
gles for esters I over those for phenyl acetates may be
explained within scheme (7) by more hindered electrophi-
lic center in the former series( Of. (6) and (7)). The pro-
rosing mechanism accounts also for a substantial non-additi-
v;|.1:yI4 in the combined effect of two substituents Ph on hyd-

* The ground states of stable pentacoordinated phosphorus de-

rivatives ussually have a trigonal bipyramidal25 structure

Y. However, the structure of a rectangular pyramid IY with

angle of I04° between the equatorial and axial bonds is fo-

und 3Ito be only slightly more energetic. But in this paper

we are discussing the highly reactive pentacoordinated phos-

phorus intermediates rather than the stable phosphoranee.

** Formal analysis for the pathway (a) gives K bed =

= ka3k5/(k2k4 + k2k5 + k3k5)' It reduces, in accordance with
to kobsd = kI when k5>> k4 and bod k2 and structu-

re Y is more stable than IY. For pathways (b) and (c)

K psd = Iks/(kz + ké) and k, o = kaS/(k2 + ks), respecti-

vely. These reduce, in accordance with Fig.I-B, to k bed =

= kI when k‘)! » k2 and k5 » ké.
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rolysis of thP(S)OAr as well as a similar effect observed in
the esters thP(O)Ole‘. Steric interactions between the two
groups increase in the transition state TP because of compres-
sion of angles oL and retard substantially the reaction.
In Ref. 2 it has been found that p #* for an effect of alkyl
group on alkaline hydrolysis of thP(O)OR is unreasonably high,
ca. II. Alkyl groups are now considered to be unable to any
polar interactions’® 26729, It is also well  kmown that
constants ¢&* and BB for alkyl groups are linearly dependont3°
to a large extent. Thus, the effect found in Ref. 2 seems to
bave a steric rather than polar origin and it may be related
within mechanism (7) with sharp increase in steric inter-
actions between the substituents at P-atom in the course of
the formation of the transition state.Hence, mechanism (7) |
proposed here for alkaline hydrolysis of thionphosphinates is
in good agreement with the experimental data collected and
well explains the far reaching similarities found between al-
kaline hydrolyses of these esters and the esters of carbon
acids. This scheme appears to be also proper Lfor alkaline
hydrolysis of phosphinates.

Computers "Nairi-S" and "Odra-I304" (Poland) are used for
treatments of the kinetic measurements and for multiple reg-
ression analysis . The regression analysis program is based
on the algorymths of Ref. 33 with some our modifications.

It reproduced accurately the corresponding tests from Ref.33.
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SOLVENT EFFECTS ON THE ORGANIC COMPLEXES
I. ENTHALPIES OF THE FORMATION OF IODINE COMPLEXES
WITH ORGANIC SOLVENTS

R.G. Makitra and Ya.N. Pirig.
Institute of Geology and Geochemistry of Puels Acad. Sci.
Ukr. SSR, Lvov

Received December 1, 1979

The spectrophotometrically determined
enthalpies of the formation of complexes of
iodine with organic donors are correlated
with denor properties by a linear five-pa-
rameter equation of free energies. Thisg
relationship may be described accurately
enough by a three-parameter equation which
takes into account the polarizability, cohe-
sion energy density, and basicity of a sol-
vent : -AH=1.037 + 4.782 (n%-1)/(n242)-
-15.9750 +0.014 B; R=0.965. The AG values
are also correlated by a gimilar equation.
In both cases the most significant parameter
is the basicity of solvents.

Solvent effect is of significance for the estimation of
organic complex characteristics, especially of equilibrium
constants and the formation enthalpies. In the previous pa-
pers one can find the data on equilibrium constants deter-
mined in such pseudoinert solvents as CCI., benzene and even
alcohols. It is clear that such results are of only limited
value. We know now that CCI4 forms compounds with many organic
donors1, that the aromatic hydrocarbons interact with both
acceptor and donor selective solvents®, and that cyclohexane
and n-alkanes are not indifferent to such a drastic electron
acceptor as WF6 . Therefore, when studying the complex for-
mation reactions one must pay more attention to the influence
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of molvente which is manifested both in the solvation of
all components of the system and in the competitive inter-
action of solvents with one of the reagents, mainly elecw
tron acceptor, which results in decreasing its effective
concentration. We have now no satisfactory methods for a
simple solution of this problem. Yu.Ya. Fialkov and A.Ya.
Borovikoy 4-7 showed on the example of dimethylacetamide -
iodine complex that the experimental value of equilibrium
constant "K" heavily depends on the solvent nature. Even
the solvents of such little activity as n-heptane and
cyclohexane can solvate some components of the system, both
the specific and electrostatic interaction being important.
In the present paper we make an attempt to calculate the
influence of organic substances on the characteristics of
their complex formation with iodine. Todine is a classical
object of investigations in the sphere of organic complexes
(Benesi and Hildebrand 8, Mullikeng). The previously pub-
lished investigations are generalized in the survey of A.NR.
Perenin . The enthalpies of complex formation with iodine
A H; are the basis for the scale of acid-base parameters,

C and EA’ of Dragon. The attempts to connect the AHI

values with donor properties by a one-parameter equation
proved to be unsuccessful, GutmanI2 reports that the linear
dependences exist between AHI and enthalpies of formation
of the complexes with phenol 2AHPhOH and with donor num-
bers DN, but only the data for six solvents fit to the
straight line and data for Pyr and Et20 deviate significant-
ly. DragoII (p.105) showed on a greater number of data that
a satisfactory linear dependence between AHTg and AH‘PhOH
does not exist despite some trend of proportignality.
However Drago's formula: AH = CAEA + CpEp

in which C and E present the covalent and electrostatic
characteristics of donor D and acceptor A gives no reliable
results. Thus the value of enthalpy for the complex dimethyl-
acetamide - iodine formation calculated by Drago's formula
equals only 2.91 kcal/mole, while the experimental value
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equals 4.0 kcal/mol in 0014 and 3.3 kcal/mol in benzenoIIor

13.6 kJ/mole=3.25 kcal/mole in benzene and 19.8 kJ/mole=
=4.72 kcal/mole in cyclohexane

These discrepancies may be partially caused by imaccu-
racy of the experiment or by difficulties of the procedure
treating the results as shown in the works of E.H. Polle13.
Some difficulties which appear when studying the DMF-12
system will be described in the following reports of this
series. But the most probable reason for the above mentiondd
differencies may be the inability of one-parameter equations
to take into account the non-specific interactions in the
system.

Such a consideration is possible by means of a linear-
poly-parameter equation proposed by V.A. Palm and I.A.Kop-
pel for the description of solvent effects on the kinetic,
spectral and many other phenomena. Recently we have showed
that this equation 1s applicable for the description of
mixing enthalpies ), extraction and gas absorption pro-
cesses . Since the spectrophotometrical determination of
the values of K and AH by means of Beneei-Hildebrand a.o.
method always takes place under high excess of donor, it
is possible to consider it as a co-solvent.

For the calculations we took the enthalpy data for
complex formation with lodine AH; from Ref.l (p.p.190 and
315) . But among nearly 150 cited 2 values the data for
mathematical treatment are suitable only for 27 smolvents
for which all the necessary parameters are present in lite-
rature. With various values of AH the new data obtained by
UV-spectroscopy were chosen. Since in Ref.” data from many
authors are cited, this, on the one hand, may cause the
danger of the appearance of definite errors, but on the other
hand may give a greater representability.

The AHI » 4 data and solvent parameters are given
in Table I.2 The data for solvents N°N° 28-36 are not
used in the calculations. As a result we obtained a linear
five-parameter equation which correlates the complex forma-
tion enthalpies and solvent properties with the correlation
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ENTHALPIES AHT AND FHEE ENERGIES AGT

Table I
OF COMPLEX

4 2
FORMATION BETWEEN IODINE AND ORGANIC SOLVENTS AND

PARAMETERS OF SOLVENTS

K° Solvent AH -AG %;;__; L. 8% 3 E
I piethyl ether 4,3 I.3I 0.21I67 0.345 0,057 280 O
2 Tetrahydrofurane 5.3 I.70 0.245I 0.404 0.076 287 O
3 MeOCBz(JHZOMe 3,7 0,10 0.2315 0.400 0.09I 238 1.0
4 Dioxane 3,8 -0,05 0.2543 0,223 0.II0 237 4.2
5 Methanol I.9 0,9 0,2034% 0,478 0,20 218 I4.9
6 Ethanol 4,6 -0,09 0.22I4 0.46I 0,I67 235 II.6
7 tert-Butanol. 3,4 T.43 0.234T 0.434 0.I00 247 5.2
8 Ethylacetate 2.5 0.2275 0.374 0,082 I8I TI.6
9 Ammonia 4,8 2.4 0,20I2 0,457 0.212 473 I0.6
IO Triethylamine 2.0 5.0 0.2430 0.243 0.05I 650 O
I1I Diethylamine 9.7 4.2 0.2351 0.316 0.06I 637 TI.2
I2 Pyridine 7.5 3.03 0.,2989 O.44I 0.IO4 472 O
I3 Quinoline 7.2 2.82 0.3525 0.423 0.II9 4% O
T4 Acetonitrile I.9 -0.57 0.2I06 0.480 0.I40 TI60 5.2
IS5 Dimethylsulfoxide3.6 TI.43 0.372I 0.485 0.225 362 3.2
16 Dimethylformemide3,? 0.63 0.2584 0,488 0.I98 29I 2.6
I7 Dimethylacetamide3.9 I. I4 0.2627 0.48I 0.I99 343 2.4
I8 Benzene I.45 O, 5 0.2947 0.23I 0.085 48 2.1
I9 Toluene 1.8 0.48" 0.2926 0.238 0.080 58 I.3
20 o-Xylene 2.0 O.GI‘ 0.2968 0.380 0.08I 68 I.O
21 p-Xylene 2.I8 0.69 0.2920 0,229 0,077 68 I.0O
22 Mesitylene 2.86 0.2938 0.23I 0,077 77 0.8
23 Fluorobenzene T.4 0.2768 0.373 0,076 38 O
24 Chlorobenzene I.19-0.24 0.3064 0.377 0.087 38 O
25 Bromobenzene I.88 0.3232 0.373 0.096 40 O
26 Iodobenzene 3.2 0.3518 0.354 0.084 38 O
27 Bthylamine 7.4 3,9 0.2265 0.388 0.086 €67 6.0
28 Trimethylen oxide6.4 I.93 0.2369 -  0.099 282 -
29 Tetrahydropyrane 4.9 1.66 0.2531 - 0.08I 290
30 Thenetole 0.5 0.2979 -  0,I00 158 =~

498



Table I (continued)

3

No Solvent -AH -AG ;'17_!_:% ‘.% > B
31 Methylacetate 2.5 = 0.2218 - 0.091 170
32 Dimethylaniline 1.83 1.8 0.3225 - 0,095 422
33 Sulfolane 2,2 - 0.2849 - 0.133 157
34 Tetramethylurea 4.4 - 0.2680 - 0.119 336
35 Triethylphosphate3.2 1.1 0.2455 - 0.068 2
36 Tributylphosphate 2.9 1.8 0.2555 - 0.040 283
R—

coefficient R=0.953. The exclusion of the_moet deviating

data for compound N°27 (EtNH2) from the consideration

raises the value of R to 0.968. For remaining 26 points the

following equation wag obtained: 2

- AH=0.608 + 7.816 -1.006 -18.5118" + 0.0143 B-
-0.076 E with R=0.968; 8=0.717 and with pair coeffi-

cients of correlation TH1 0.123; Too 0.048; Tg 0.142;

To4 0.907 and o5 0.138.

The low values of and the corresponding regression
coefficients show a esmall significance of polarity and elec-
trophilicity parameters.This is confirmed by excluding these
terms according to Ref.l9 which decreases the R values
insignificantly. Thus the influence of solvent properties
on the AHT values may be satisfactorily described by the
three-parameter equation:

- AH=1.037 + 4.782/75% -13.975  + 0.014 B

with R=0.965 and s=0.731. When excluding the next parameters
the R value decreases more significantly: for f( o6 ,B)
R=0.962; for f(n,B) R=0.912, and for f(n,gz) R=0.197 (!).
Thus the greatest influence on the t&HI value is exerted

by the acid-base interaction between ioSine and donor sol-
vents. But the cohesion energy density has a significant
influence on the degree of correlation and the less effect
is exerted by the solvent polarizability. The negative sign
of the regression coefficient at the O term points to the de-
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crease in the Ali.I value with the increase in cohesion ener-
gy density(with ofher things being equal).Apparently, for
the complex formation it is necessary that the iodine mol-
ecule should inculcate into the structure of donor micro-
aggregation held together by the intrsmolecular forces and
overcome the donor molecule association forces (when the
equilibrium constants are determined spectrophotometrically,
the donor concentration ia dozens and hundreds times higher
than the acceptor concentration). Such an interpretation
agrees with the concept of lattice structure of liquids
according to Ya. I. Frenkel 20 ana the hypotheses about the
possible microheterogenous structure of solutions

.

- y‘=~AH-478f(n) +15.98 6" =f(B)

100 200 300 400 500 6008

Fig. I. Plot of y'= - AH -4.78¢ (n) + 15.985"
vs. basicity B.

The dependence y'= - AH- -4.78f (n) + 15. 985 + £(B) is
1llustrated in Fig.I. In the same Figure the crosses corres
pond to solvents NO°N° 28-36 which are not taken into account
in the basic calculations and for which the dependence
y'=f(B) was calculated by the proposed equations. As one can
gsee the majority of these points approximated satisfactorily
the obtained regression line which confirms its reliability.
Appreciable deviations exist only for tetrahydropyrane N°28
and dimethylaniline N°32.
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The mathematical treatment of data for AG, (points
N°N°I-7, 9-17, 27 in all 17 points.) gives smZequation
with R=0.954 and after excluding the data for EtNH2 (point
N°27) it gives the equation with R-?.968:

- AG= -2.436 + 1.25553% + 2.777 gg5, -8.456540.00996B+
+ 0.046 E with R=0.968; ®=0.482 and pair correlation
coefficients r01-0.221; r02-0.391; r03-0.405; r°4-0.510 and

r05=0.386.

The polarizability and electrophilicity terms are of
little significance and after their exclusion the three-
parameter equation is obtained:

- AG= -2.040 + 2.360 -5.8348 + 0.00975 B with R =
= 0.964 and 8=0.463. Por the corresponding two-parameter
equations the values of R are equal: f( SZ.B) R=0.961;
£( 8,B) R=0.952; (&8 )R=0.429.

Thus analogously to
4512 the factors with
ths greatest influ-
ence on the AGI
value are the
basicity of donmor,B,
and cohesion energy
density gz. The lat-
ter factor hinders
the complex forma-
tion . It is clear

100 200 300 400 500 600 that for quantity

Pig.2, Plot of y'= - AG-2.362(n)+ 4G= AH-TA S free
+ 5.84§ vs. basicity B. from the contribution

of entropy the importance of the & value is considerably
less and of "B" value much higher than in the case of AEI s
the values of corresponding pair correlation coefﬁ.cient32
Top 0.405 and 0.951. The dependence y'= = AG -f(n) +
+ £( 0 )=£(B) is illustrated in Fig. 2. In order to verify
the obtained equation, in Fig. 2 we have denoted with cross-—
es the data for solvents N°N°18-26 and 28-36 which are not

¥ ~AG-2.36(n) +5.84.6% (B)

2

501



Table 2

ENTHALPIES AHPhOH OP COMPLEX FORMATION
BETWEEN PHENOL AND ORGANIC SOLVENTS AND PARAMETERS OF

SOLVERTS
° - 2

N Solvent .AH ;2{% S B E
I POCI, 2.5 0.2739 0.464 0.097 146 7

2 Acetonitrile 3.2 0.2106 0.480 0.140 160 5.2
3 Ethylacetate 3.2 0.2218 0.395 0.091 170 ?
4 Acetone 3.3 0.2201 0.465 0.095 224 2.1
5 Methylacetate 4.8 0.2275 0.374 0.082 181 1.6
6 Diethyl ether 5.0 0.2167 0.345 0.057 280 0
7 Dimethylformamide 6.1 0.2584 0.488 0.198 291 2.6
8 Dimethylacetamide 6.4 0.2627 0.481 0.199 343 2.4
9 Dimethylsulfoxide - 6.5 0.3721 0.485 0.225 362 3.2
10 Pyridine 8.1 0.2989 0.441 0.104 472 0

used in the general calculation. As one can see the results
for aromatic solvents satisfactorily approximate the regres-
gion line, but for the solvents NON° 29,32,36 the agreement
is worse.

The obtained results give reasonable explanation why the
sulfur and selene compounds deflect from the linear depen-
dences between AH; or AGp and Aophon(i.e. basicity
of donors). It is fo% these compounds that values of & are
significantly different from the values for its oxygene
analogues and the corrections which they introduce are also
higher.

As in Ref.11 the author reports that 4-~linear dependence
between the values of AHI and AHPhOH does not exist, we
have examined the possibifity to use a linear multi-param-
eter equation in this case. The values of AHPhOH were taken
from Ref. 12. (Table 2) and the following equation was
obtained: 2 2
- AHp og=5-T91 -4.579 57 =13.830 +13.0788 +

+ 0.0171 B + 0.0878 E with R=0.970; 8=0.674 and
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pair correlation coefficients r01=0.583; r02=0.119; Taq=
=0.450 r°4=0.943 and=r050.558.

As the parameters of polarizability and electrophilicity
are of negligible significance the equation may be reduced
to the form: 2
- OH =4.554 -II.386 +11.3388°  40.0149 B with R
=0.968 and 8=0.568.

Thus both Aﬂi and AHPhOH values correlate satisfacto-
rily with donor properties. The greatest influence on them
is exerted by the basicity and a little smaller one is ex-
erted by the cohesion energy density. But the values of
regression coefficients at separate parameters are different.
As a result it is impossible to obtain a satisfactory one-
-parameter linear relationship AH?hOH=f( AHI e
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SOLVENT EFFECTS ON THE ORGANIC COMPLEXES
II. THE UV-SPECTROPHOTOMETRICAL INVESTIGATION OF
INTERACTION BETWEEN DIMETHYLFORMAMIDE AND IODINE

R.G. Makitra and Ya.M. Tsikantchuk.
Institute of Geology and Geochemistry of Fuels
Acad. Sci. Ukr. SSR, Lvov

Received December 2, 1979

In the presence of dimethylformamide the de-
crease and change in UV-absorption bands of io-
dine dissolved in cyclohexane takes place. With
the increase in DMF concentration the absorption
band in a visible spectrum (520 nm) shifts towards
the shorter wavelengths and the UV band (225 nm)
to the longer waves. In the solution of DMF two
ré¢latively weak bands at 295 and 370 nm are ob-
served. The complex formation constant, determined
by the Benesi-Hildebrand equation, has various val-
ues depending on the wavelength at which the
measurements were made. The spectrophotometrically
determined equilibrium constant depends on the
concentration of iodine. There exists a linear
relationship between 1gK and 1gC values.

Though there are many papers 1,2 dealing with the for-

mation of complexes between organic substances and iodine

a number of questions are not clear: in particular, solvent
effects 3'4. In the present investigation we give some
results of studying the UV-spectra of DMF-iodine system.

In Ref. 4 the long wave iodine absorption band at 22.4x10’cm1
(A - 445nm) was determined. The dimethylacetamide-iodine
system is studied in detail by Yu.Ya. Fialkov> and  the
dimethylbenzamide-iodine system is considered in Refs. 5,6.
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EXPERIMENTAL

UV absorption spectra were studied on a SF-4A spectro-
photometer at 20i1°. The cells were from quarz of 1 cm
thickness or dismountable with variable thickness. DMF and
cyclohexane(@rade "Chromatographically pure"jywere dried and
rectified. After sublimation iodine was stored in the
desiccator with sulfuric acid. The solutions are obtained
by diluting O.1 m solutions prepared gravimetrically.

RESULTS AND DISCUSSION

The UV absorption spectra of 0.0005 m 12 solution in
cyclohexane (the reference cell contained cyclohexane),
0.001m of 12 in DMF (the reference cell was filled with DMF)
and 0.0001m of DMF in cyclohexane are shown in Fig.l.Iodine
in cyclohexane is characterized by two absorption bands -
one band is intensive, relatively narrow and assymetric with
the maximum at 230-235 nm (Ref.2 gives the maximum in the
range of 145-240 nm) and another is a weaker and wider band
in the visible spectrum with the maximum at 520 nm which
agrees with Ref. . In the same UV region (220-230 nm)there
exlsts a narrow intensive DMF absorption band characters

2.4
22 'clohexane

2.0

_DMF(0.0001M)
08 in cyclohexane
06
04
03

200 220 240 260 280 300 320 340 360 380 400Anm
Fig. 1. UV spectra of 0.0005 m 12 in cyclohexane, 0,001 m
and 0.005 m 12 in DMF and 0.0001 m DMF in cyclohexane.
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12 (0.001M)

400 420 440 480 460 500 520 540 560 580 Apm

Fig. 2. The shift of Izabsorption band in cyclohexane
A=520 nm caused by the addition of various amounts of
DMF.

istic also of other amides (n-j/—xtransition) .

The I, absorption band 235 nm in DMF (the reference cell
contains DMF) is congiderably weaker, wider and shifted to
the greater wavelengths. For the 0.001 m 12 golution in
DMF the optical density at 295 nm is ca four times weaker
than for 0.005 m I2 solution in cyclohexane. The visgible
band of 12 absorption is also decreased but the shift occurs
to the shorter wavelengths - maximum of absorbance is ob-
served at 370 #m. To make it clearer Fig. 2 illustrates also
the absorption spectrum of 0.005 m I2 solution in DMF, A
similar shift and decrease in UV absorption band in the
acceptor solutions of CHCI cCcCI and C?HCI5 were established
for DWFS.

The literature gives much smaller values for band shifts
in the I2-amide systems, but they were obtained for the I
solutions in an inert solvent (usually n-hexane or cyclo-
hexane) in the presence of some excess of amide, but not in
the pure amide solution. Thus for the tetramethylurea-I
complex Ref. 1 gives (p.209) the charge transfer bands

A =268 or A=282.

2
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Fig. 2 illustrates a gradual shift of 12 absorption band
in the visible region (520 nm, 0.001 m solution in cyclohex~ .
ane)with the increase in DMF amounts from 0.0l to O.lmol/1,
i.e. with excess from 10 to 100 with respect to 12.

Unlike the dimethylacetamide complex3 in the present
case it is impossible to separate absorption bands of bound
and free I2.

The complex formation equilibrium constant "K" was calcu~
lated using wavelengths 400-460 nm where the absorption is
caused mainly by the complex formation and the free 12
absorption is insignificant and besides decreased as a re-
sult of the partial complexation of jodine. It is found
that the optical density value "D" obeys satisfactorily the
Benesi-Hildebrand equation: a.l =

5=

T T ’AB

- 0.01 A-400 -{i.e. a linearity of Cy .1
10
,/’/, vs.
s A DMF 1is observed.
-002 7/ A=430 | (Fig.3). However, the calcu-
lated "K" value decreases di-
2:228 rectly with wavelength ca by an
- order of magnitude with the

50 100 “ extinction coefficient being
constant (‘fable 1),
Fig.3. The applicability ppe calculations made with the
of the Benesi-Hildebrand Scott equation give analoguous

equation to the IZ-DMF results. Such an inconstancy of
systeme at various wave- the determined value "K" de-
lengths. pending on wavelength on which

the determination was carried out was mentioned in many
papers and its possible reasons are considered in Ref. 9.
It should be noted that the obtained values of "K" 7.2450
are of the same order as ‘those in Ref. 3 for the dimethyl-
acetamide-iodine system K=19.8 (in heptane or cyclohene) .
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For the system PhCONMe2-12 which has weaker donor properties
K equals 3.8610.110 only.
Such a dependence of the spectrophotometrically deter-

mined

Table 1

THE COMPLEX FORMATION CONSTANTS K AND EXTINCTION
COEFFICIENTS ¢ IN THE SYSTEM DMF~IODINE CALCULATED
BY THE BENESI-HILDEBRAND EQUATION FOR VARIOUS WAVE-

LENGTHS

by K 1/mole P
400 7.2 714
410 8 1000
420 1.3 1000
430 15.6 1000
450 35.7 1000
460 50 1000

Table 2

THE COMPLEX FORMATION CONSTANTS IN THE DMF-IODINE
SYSTEM AT VARIOUS 12 CONCENTRATIONS

Cszole/l 1gC K 1/mol 1gK
0.01 ~-2.0 250 2.40
0.005 =-2.7 750 2.87
0.001 -3,0 3750 3.57
0.0005 =-3.7 5100 3.7
0.0001 -4.0 6125 3.79

values of "X" and, accordingly,

AG and AH values on the

wavelength on which the measurements were performed may be
one of the reasons responsible for the worse correlation
between AG (or AH) values and the solvent parameters and

the discrepancies in

the

AH values which are reported for

the same systems by many authors (see Ref.1). However, it is
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possible that there is another explanation for this pheno-
menon. In a series of papers the "K" values determined in

diluted solutions are informed to depend on the concentra-
tion of solutions as a result of changes in the activitieso
or the formation of microaggregates in the solution " .

Such a phenomenon was established by us for the IMF, pyri-
dine, and benzene - halogenoalkanes systems 2

In the system H.IIF-I2 with
the decrease in iodine con-
centration the value of "K"
increases significantly
(Table 2). The cited "K"
values are calculated on the

L basis of integral density
25 30 35 40 absorption changes in the
logc visible spectrum at the
Fig.4. Plot of 1gK IZ:DMF ratio I:T by 8the
ve. 1lgC for the DMF'—I2 procedures from Ref.
system. The plot of 1gK vs. 1lgC

is nearly linear (Fig.4) which was establighed also in the
case of the systems with halogenohydrocarbons 8,12,13 .

Thus when the "K" (or AG) values are determined spectro-
photometrically the discrepancies depending on the determi-
nation conditions are possible. This influences the results
of the methematical treatment and estimation of these data.
The errors are less,if using AH values or values, as
will be shown in Commun.III.
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SOLVENT EFFECTS ON THE ORGANIC COMPLEXES
I1I. INFLUENCE OF SOLVENTS ON THE Iz-ABSORPTION
BAND SHIFTS.

R.G. Makitra and Ya.N. Pirig.
Institute of Geology and Geochemistry of Fuels
Acad. Sci. Ukr. SSR, Lvov.

Received December 2, 1979

The values of the I, short and long wave
absorption bands are satisfactorily correlated
with the solvent properties by the linear free
energy five-parameter relationship.

In communication I we have shown that the enthalpies and
free energies of 12 complex formations with organic solvents
satisfactorily correlate with the solvent properties by
the two-parameter linear equation which take into account
the basicity and cohesion energy density of solvents. How-
ever, the AH and, especially, Keq values which are deter-
mined by the UV-spectrophotometric data may differ signifi-
cantly for the same objects depending on the wave-length on
which the measurements are done,the method of calculation,
solvent, and even on the concentration * ' ; see also
Communication II. Therefore, it is more reasonable to con-
sider the direct experimental data, viz. the changes in 12
absorption bands in the donor solvents. Therefore, we have
verified the possibility to describe the changes in both 12
long (520 nm) and short wave (235 nm) absorption bands in
solvents by the linear five-parameter equation which takes
into account various solvent parameterse.

In Ref. 4 the authors assume that the main influence on
the spectral wave shifts is exerted by the universal inter-
,action, i.e. the nonspecific solvation determined by polar-
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ity and polarizability of solvents. However, they recognize
that a specific solvation may lead to considerable devia-
tions from the proposed linear relationship

he xAL) =cIf( &,n) + (C2 +03)f(n)

In Ref.5 where the shift value of 12 visible absorption
band is determined for nearly 50 solvents, it was shown that
there exists a linear relationship between AP and ionization
potential but only for separate groups of solvents of relat-
ed chemical nature.

The connection between the long wave (visible) I, absor-
ption band and the solvent properties was investigated in
detail recently in Ref.6 which has shown that for n-donors
there exists some correlations with tne ionization potential,

the fupction of universal interactions, and, in the case of
substituted pyridines, (the so-called Kosowers complexes)
with pK. For the ﬁ--donors these correlations do not work.
However,Abof I2 both for n- and ﬂldonore correlate satis-
factorily (R=0.97) with the solvent basicity parameter "B"
which is determined as a change in the OD band of MeOD.How-
ever, such a correlation of n, Zr-solvents with of shor}
wave (UV) of I, absorption band does not exist. The autho§s7
come to the conclusion that in the systems lodine-donor sol-
vents there exist both an "external" complex with the charge
transfer D, I, (C-T complex I) and an "internal" complex
[Dt]I+ (C-T complex II). The former complex is responsible
for the short wave UV-band and the latter for the long wave
visible band.

In Commun. I we have shown that the thermodynamic param-
eters of I2 complexes with donors may be satisfactorily
described by the linear free energy multi-parameter equation.
Therefore it was very interesting to verify the applicability
of this equation to the correlation of shifts both in long-
and short wave absorption bands with solvents parameters. For
calculations the data from Ref.s' for the vieible band and
from the monograph of E.I. Guryanova and coworkers
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Table I
SOLVENT SHIFTS OF THE 12 VISIBLE ABSORPTION BAND

N Solvent A \). ' A)
I n-Hexane 523 1912 0
2 CCI, 517 1934 22
3  Chloroforme 512 1953 41
4 CH,CIy 506 1976 o4
5 Dichloroethane 497 2012 I00
6 Ethyl chloride 494 2024 I12
7  tert-Butyl chloride 495 2020 108
8 Ethyl iodide 478 2092 " I80
9 Benzene 502 1992 80
I0 Chlorobenzene 508 1969 57
II Bromobenzene 503 1988 76
I2 Toluene 496 2016 Ioa
13 Todobenzene 493 2028 II6
4 Mesitylene 489 2045 I3%3
15 Anisole 490 204I 129
16  Methanol 440 2273 361
I7 Ethanol 443 2257 345
I8 n~-Propanol 445 2247 335
19 i-Propanol 446 2242 330
20 Dimethoxyglycole 458 2183 271
2T Diethyl ether 466 2I46 234
22 Di-n-propyl ether 470 2128 216
23 piisopropyl ether 472 2129 207
24 Dioxane 452 2212 300
25 Tetrahydrofurane 446 2242 330
26 Ammonia 430 2326 414
27 Pyridine 422 2370 458
28 Diethylamine 430 2439 527
29  Triethylamine 414 24I5 503
30  Dimethylacetamide w0 2273 351
31  Fluorobenzene 507 1973 61
32  Ethylacetate 2190 278
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Table I (continued)

33 Acetone 2200 288
34 Water 2220 308
35 n-Butanole 448 2230 318
36 Dimethylformamide 2240 328
37 Piperidine 2420 508
Table 2

SOLVENT SHIFTS (RELATIVE TO n-HEPTANE) OF THE I,
UV=-ABSORPTION BAND

n° Solvent 9 IOz'm" A;)
I Methanol 23T 4329 1I27.3
2 Ethanol 233 4292 90.2
3 n-Propanol 236 4237 35.6
4 i-Propanol 236 4237  35.

5 n-Butanol 237 4219 I7

6 tert-Butanol 233 4292 90
7 Diethyl ether 250 4000 =202

8 Diisopropyl ether 255 3922 =280
9 Tetrahydrofurane 249 4016 -1I86
IO Dioxane 264 3788 414
IT Acetone 242 4132 =69
I2 Cyclohexanone 253 3953 =249
I3 Ammonia 229 4367 165
T4 Ethylamine 246 4065 -I37
IS5 Diethylamine 260 2846 -356
I6 Triethylamine 278 3597 -605
I7 Piperidine 260 3846 -356
I8 Pyridine 235 4255 53
I9 Quinoline 238 4202 0
20 Dimethylsulfoxide 276 3623 -579
21 Benzene 292 3425 =777
22 p-Xylene 303 3300 -90I
23 Mesitylene 330 3030-I172
24 Toluene’ 302 33II -890
25 o-Xylene’ 316 3I165-I027

515



Table 2 (continued)

Ne Solvent 10°m™"

26 m-x_yleneu 318 3145 -1057
27  Cyclohexane'° 302 3311 -890
28 Acetone 255 3922 -280
29 Water '© 190 5263 1061

(p.p.204-210) for the UV-band were used. The corresponding
A and V values are given in Tables 1 and 2. However for
the calculations not the values of the spectral frequencies
but the shifts of the absorption frequencies with re-
spect to the absorption frequency in "neutral™ solvent,
viz. n-hexane, were taken: the long wave A =523 nm =
1912.10%0"" and short A =238 = D 4202.10%n~". It is nec-
essary to emphasize that unlike the data for a visible
band the short wave spectrum was obtained, as a rule, for
the iodine solutions in a solvent - n-heptane, cyclohexane,
or CCI4 and only in the presence of certain amounts of
donors which affects the values ofAAD (vide Commun.II).
The properties of solvents are given in our previous com-
munications.

The calculation for all 37 points of the visible frequen-
cy shifts gives an equation with R=0.969. The exclusion
of the data for the point with maximum deviation N°32
(ethylacetate) raises the R value only negligibly to R=
=0.974. We obtain the following equation:

Al)-1o3= -74.56 + 221.4 (n2-1)/(n%+ 2) + 223.6 (8 -1)/
(28 + I)-114.315‘2 + 0.725B + 8.608E with R=0.974; 8=37.24

and pair correlation coefficients rOI=O.4O7; r02=0.364;
r03=0.250; r04=0.926,and r05=0.329.

In this way we have confirmed the results of Ref.6 for
a greater number of solvents that the main effect on the
shift value of 12 visible band is exerted by the basicity
of solvents. The found corresponding pair coefficient 1is
smaller (r04=0.926) than the one from Ref.6 (R=0.970).
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This may be explained by the fact that a greater number of
solvents including the alcohols capable of self-association
participated in the calculations. The estimation of the
significance of separate parameters indicates that polariza-
bility and cohesion energy demsity terms are of small signif-
icance contrary to the case of AH and AG which almost

does not influence the value. The latter may be described by
the three-parameter equation satisfactorily and by the two-
-parameter equation somewhat worse:

AD. 103= -16.12 + 210. +0.714B+6.28E; R=0.972;8=37.0
8D. 10°= -54.27 4 0.726B=8.12E; R=0.966; 5=40.6
0. 107 -51.68 + 0.7118=397.785%  ;R=0.954; s=47.3
In Pig. I the dependence y'=AD—f( & )-£(E)=£(B) is
illustrated.
The signs of all
terms of the regression

equation are positive.
The presence of both
nucleophilic and elect-
rophilic solvation of —_——
iodine complexes con-
firms the assumption —_—
expressed in Ref.6 about
the partially ionized
structure of C-T complex
II. The growth of polarity

100 200 300 400 500 600 700 B

of solvents will favor a Pig. 1. Flot y'=4D-£(& )0

separation of charges in -f(E) vs. basicity of

the complex. solvents B for 12 visible
Since Ref. 6 shows that the frequency shift.

UV-spectrum charges for iodine complexes (C-T complex I) do
not correlate with the basicity "B" of solvents by means of
only one equation common for the n and ﬂ-donor,it was inter-
esting to verify the applicability: for this case of a poly-
-parameter equation, With calculations for 29 substances all
(Table 2) the correlation coefficient is low, R=0.918 only.

517



The successive exclusion of the most deviated points raises
the R value:N°19 (quinoline) R=0.941; N°18 (pyridine)
R=0.959; N°25 (o-xylene) R=0.966. Thus, the application of
a five-parameter equation enables,contrary to the proposed
in Ref.6 one-parameter relationshi;>Ab=f(B),to reach a satis-
factory correlation between solvent properties and a value
of 12 UV-band shifts. Relatively low correlation coefficient
R=0.966 should be caused by the fact that the AVvalues are
determined by many authors in various solvents and at vari-
ous ratio donor: iodine (see Commun.II).
For 26 solvents the following equation is obtained:

. 10%291.23 -5360(n°-1)/(n%+2)+1812(& -1) /(28 +I) +

+ 16635 +0.213B +4.20E; R=0.966; 8=138.4; r01=0.711;
=0.800; r03=0.681; ro4=0.216; r05=0.784.

If the relatively unimportant parameters of specific sol-
vation are excluded, we obtain the following three-parameter
equation:

AD. 10°=20.2 -5709(n%-1)/(n2+2) +1943(& -I)/(2&+I)+
+ 17168 ;R=0.963;8=138.1.

In contrast to C-T comp-
lex II a shift of a spectral
band for 12 C-T complex I is
determined only by non-specific
solvation factors which agrees
with the opinion of the authors
of Ref.6 about the non-ionic
character of C-T complex I.

To2

2200

The exclusion of nonsgpecific
solvation factors leads to the
breaking of the correlation:
£(8,89 R=0.866 £(n, 5 ) L
R=0.899; f(n, &) R=0.904. n2+2

The dependence y'=ﬂb-f(8) Fig.2.Plot of y'=Al)—f(&)-
-£( § )=f(n) is illustrated -£(8) wvs. f£(n)
in Fig. 2. for I2 UV frequency

shifts.
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Over a long period of time there has been disagreement
about the applicability of Badger-Bauer principle I to the
complexes with hydrogen bond, i.e. about the existence of
a reliable linear dependence between Ab and AH of the com-
plex formation. In many papers the existence of such a
linear dependence is doubted, but Drago and coworkers
show that this failure is caused by the inaccuracy of the
spectrophotometrically estimated values of A H. They have
shown that for the calorimetrically estimated values of A H
there exists a satisfactory linear plot vs. .

The Badger-Bauer
principle was established
for the phenol complexes.

T L) T
Av % 20 2% 2% We have verified the
400 existence of the same
relationship betweenAH
300 I
3202082; and AD for iodine
200 © complexes,using the val-
12 5 ves from Commun., I
1001 S ©
" and III. However, with
10, spectrally determined

2 4 6 8 10 12 14
aH

A HI values no linear
relatgonship with was
established (Fig.3),

Pig.3. The relationship be- though AHI anddbvalues
tween AH; and 8D for change hand by hand both
iodine 2complexes. in UV and visible ranges.

At present the question is open whether the absence of
linearity is due to inaccuracy of spectrally determined
values of AHI or for the systems with iodine such a
proportionalit§ does exist at all.
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STUDY OF REACTIVITY OF SUBSTITUTED
BICYCLO[2.2.2] OCTANES. l.Formulation of the
Problem. On the Methods of Synthesis of Disubsti-
tuted Derivatives of Bicyclo[2.2.2]octane

A. Korgesaar, I. Danilov, and V. Palm

Laboratory of Chemical Kinetics and
Catalysis, Tartu State University,Tartu
Est. SSR

Received December 20, 1979

General methods of synthesis of 1,2-, 1,3-, and
144-disubstituted derivatives of bicyclo [2.2.2]
octane to obtain series of compounds for the sys-
tematic study of substituent effects are discussed.

Problem of the attenuation of the so called inductive sub-
stituent effect via cyclic systems is still urgent, since the
quantitative evidence available cannot be described quite
adequately within the framework of a single and non-conflic-
ting theoretical model (see Ref.1), When studying this problem,
one can successfully use substituted 1-derivatives of bicyclo-
octane of the following type as convenient model compounds:

y y y
@! "
X
X
1-y-4-X- 1-y-3 -x- 1=y -2 -X-

where Y denotes a reaction center and X is a varied sub-
stituent.
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Series of 1-Y-4-X- derivatives and their analogs were often
and successfully used to study the regularities of the at-
tenuation of the inductive effect (Refs. 2-4 and others).
Just recently Friedl, Hapala, and Exner have publisheda some
data (pKa in 50 Y/v ethanol and 80 w/w methyl cellosolve)
for the I-Y-3-X series The same work gives the pKa
values in the two solvents for the I-Y-2-CN derivative. The
authors of Ref. 29 discuss the data obtained and also the
data of Roberts and Morelend2 within the framework of some
varieties of the electrostatic model.

Unfortunately, Ref. 29 presents the conditions of syn-
thesis and purification of the compounds very briefly. It
might be as well to have more data characterizing the degree
of purify of the isomers obtained.Purity of the preparations
is of considerable importance in this case from the view-
point of estimating the degree of reliability of measuring
pKa or rate constants, since the question is in comparing
relatively small.values of substituent effects. This 1is
especially important when the data obtained in different
laborabories are compared. Thus the pKa value in 50 /v
ethanol for non-substituted bicyclo[2.2.2] octane-I-car-
boxylic acid is 6.74 in Ref.2, whereas Ref. 29 gives the
value equalled to 6.83. It should be also noted that there
is just a rough linear relationship between the pKa values
for 3-substituted series of bicyclo [2.2.2] octane-I-car-
boxylic acid in 50 V/v ethanol and 80 ¥/w methyl cellosolve
(r=0.9562). But the accuracy of these data is of primary
importance for estimating the nature of substituent effects
for the system studied with enough reliability.

Proceeding from the above, it is of interest to synthe-
size, purify, and characterize the three series of compounds
in the same laboratory. Then the corresponding substituent
effects should be characterized quantitatively with respect
to various processes, depending on temperature and medium.
Uniform and thoroughly verified experimental procedures
should be used.
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When formulating this problem, another independent one
appears, that is the synthesis of the three series of deriv-
atives. It is of interest to obtain the compounds where
Y=CO,H, COR and others, and X = H; halogen, OH(OR), GO~
NH,(NR,), NO,, and N(CH );.

From the literature the following general methods of syn-
thesis of derivatives of bicyclo [2.2.2] octane are known:

Ao Diels-Alder reaction by the scheme-’ others,
COR COR  COR

-CO2R

B. Synthesis via derivatives of cyclic di- p -keto-
7,8 and others,

egters
0
2R ) RoNa or NaH
2)8r(CHjy), Br
CO2R COoR

C. Acid - catalytic intramolecular cyclization of
methylvinylketone with further hydrolysis of an
intermedigte Jr10 and others,
H4Co
3
1) HC(0CH,),

CH3=CO-CR=CHR' —— . TL_1 R’

2)hydpolysis

R
D. Interaction of oL -pyrans with two molecules
of dienophile (120-165°, 1000 atm,)1l and others,

N R 2H2C—CH2p R—~CO2CoHs
.G -C05 Ly J R=CH3 ,CoHs
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Some other eynthetic methods are also suggestedlz_l).Among
the three series of disuostituted derivatives the methods of
synthesis for the series of 1-Y-4-X have been studied the
most completely. Synthesis of these compounds is laborious
and involves several steps.Schemes 1 and 2 7,16 illustrate
the main routes of synthesis in general outline.

Scheme I
CO02C2Hs CO2C2Hs5 CO2C2Hs
0
~ CH2C02C2H5 NqOCoHSs (\r BrCHg—CHgBI'
CH2C02C2Hs NaOCoHg
CO2C2Hs5 CO2C2Hs CO02C2Hs
Scheme 2
CO2R CO2R CO2R
CHz =CHj2
2000-3000 atm
135°C
CO2R COzR CO2R
0
Pb{0Ac),
CO2R CO2R

As one can see from these schemes diethylbicyclo[2.2.2]
octane - 1,4 - dicarboxylate is obtained either through the
galts of cyclic di- B-ketoesters * °' -  (scheme 1) or
by the Diels-Alder reaction 5,6,16,22=25 (goneme 2). In the
hydrolysis of the product obtained ethylbicyclo[Z.2.2]octane-
-1,4-dicarboxylate is formed. The latter is an initial
compound to synthesize other derivatives of tiis series by
the techniques of Roberts U and Holtz .
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For the synthesis by the Diels-Alder reaction derivatives
of 1,3-cyclohexadiene (whose synthesis also involves some
steps 26_28) play the role of the initial diene,

Literature date about methods of synthesis of represen-
tatives of other two series are more scanty. In most cases
the diene synthesis is used.

Synthesis of derivatives where Y=I=COZR or COZE
has been carried out more successfully. Much less advances
have been made with the synthesis at X#Y. Introduction of
the substituent with X = Br, COCH;;CHO, and CN at Y =
= CO,H or CO,R is described only25'25'29_

Table 1 summarizes the information about methods of syn-
thesis of the 1-Y-2-X derivatives.

As one can see from this table the mixture of 1,2-and
1,3-isomers is often formed, 1,2- isomer prevailing in the

6,22,25

mixture. Separation of these isomers generates additional

difficulties and has been made only in some
casese'zz'zg.

One of the possible ways to obtain 1,3-isomers is to
isolate them from their mixtures with 1,2-isomer.
Besides, to obtain 1,3-carboxyhalogenobicyclo [2.2.2]
octane the following method has been suggested23'29:

c
CO2R COH

+HX/CH3C02H —_— Q)
b

R =CoHg or H
X =Br,Cl,J
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Table 1

Methods of Synthesis of the Derivatives of the 1-Y-2-X

Series
Diene Dienophile End-Products Refs
COoH
CO2R COoH
H2C=CHCO2H 2 22
C02R COoR
6
H2C=CHCO2R
R=CH3 or 22
CO2R CO2R
COH
HoC=CHO 24
COH
CO2R CO2R
. rCOCH3 25
H,C=CHCOCH3 [ J COCH3
4:1
CO2R CO%R
CN
HoC=CHCN 29
.3,59
cl CO2R COoH 22
N
I ,o CO2H Br 23
0
I
C§0

y=Xx=C02R or COD2H
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From this brief review one can see the necessity to
thoroughly verify and elaborate methods of spnthesis of
the stated types of bicyclo [2.2.2] octane disubstituted
derivatives.
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STUDY OF REACTIVITY OF SUBSTITUTED BICYCLO[2.2.2)
OCTANES. 2.Verifying Methods to Obtain Diethyl-l
2,S-dioxobicyclofé.z.2]octane-l,4-dicarboxylate

A. Korgesaar, R. Toomik, and T. Ilomets

Laboratory of Chemical Kinetics and Catalysis .
Tartu State University, Tartu, Est. SSR
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Literature methods of synthesis of di-
ethyl-2,5-dioxobicyclo [2.2.2] octane-
-1,4-dicarboxylate (II) are verified and
specified.

The products obtained are characterized
by m.p., UV and IR spectra; the degree of
their purity was checked with the use of
thin-layer chromatography.

Synthesis of II was performed according
to the modified procedure of Guha.

Diethyl-2,5-dioxobicyclo [2.2.2] octane -1,4-dicarboxyl-
ate (II) is an important intermediate for one of possible
methods of synthesis of 1.4-disubstituted derivatives of
bicyclo [2.2.2] octane =2,

To obtain this product diethyl succinate is
used as an initial compound. Through the process of Dieckmann
condensation it is influenced by the condensing agent
CZHSONa or NaH to yield 2,5-dioxo-1,4-dicarboethaxycyclo-
hexane (I). The skeleton of bicyclooctane is formed by
bridging disodium salt of the intermediate (I) with ethylene
dibromide (see the scheme).

¥ For Comm.1 see Ref. 1.
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CO2Et
L o BrlcH2)2Br

2 (l:Hz-COZEt EtONa EtONa or NaH
CHp-COoEt OF NaH J EtONa or NaH
COREt CORE

EtONa or NaH
er{CH2)28r

Since in the Dieckmann reaction 2,5-dioxo-2,4-dicarbo-
ethoxycyclohexane 1s formed in the form of sodium salt, some
authors have obtained compound II via one-step process with-
out isolating intermediate I (see the scheme) .

With isolation of intermediate I higher yields of II
(594 and 80%) over those in one-step process (32 and 40%)
are obtained. Besides, in the first case the end-product
1s characterized by m.p. 112°C* (cf. with 108-110°0  or
109-111°C> in the second case).

The present work reports the results of comparative
study of the two synthetic methods.

Experimental

The degree of purity of the product obtained was checked
with the use of thin-layer chromatography (TIC): adsorbent-
gilica gel - finished plates for chromatography in thin
layers "Silufol" (firm "Kavalier", Czechoslovakia). The
mixture of benzene with ethyl acetate (95:5) or with petro-
leum ether (3:1¥/¥) was used as sluents.
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To detect chromatographic spots UV radiation pourcsr
OLD-41 with nominal wavelength 254 nm was used. The ester
was identified in the form of hydroxanic acids

UV spectra were registered on a "Hitachi" EPS-3T spectro-
meter in ethyl alcohol.

IR spectra were registered on a “Spectromoa-2000" spectro-
meter.

Diethyl ester of succinic acid (grade "Pure for analysis")
was dried over anhydrous MgSO4 and used freshly distilled.
B.p. 86°C (6 mm Hg).

1,2-Dibromoethane (wrade "Pure for analysis") was dried
over anhydrous CaCl2 and digtilled in vacuum. B.p. 58.5°C
(60 mm Hg).

Ethyl alcohol ("rectificate") was treated with solid
NaOH (chemically pure"), distilled, dried by boiling over
freshly calcinated Ca0 and redistilled. Pinal dehydrating
was done by the Lund-Bjerrum methode. Then rectification
was carried out and the mean fraction was collected.

2,5-Dioxo-1,4-dicarboethoxveyclohexane (T) was synthe-
sized by the Nielsen-Carpenter procedure in the atmosphere
of dry argon purified from 0, °, yield 69-71%, m.p.=127.5-
-128.0°C (lit.9 yield 64-68%, m.p.=126-128°C).

TLC has indicated the presence of one component with
Rx=0.83 only (eluent, benzene-ethyl acetate) or R =0,31
(benzene-petroleum ether).

In UV spectrum of the product maximum at 244 nm was
found ( &=1.39 . 10%).

In IR spectrum the absorption band at 1630 cm™ ' (charac-
teristic of the C=0 group) was observed.

Diethoxv-2.5-dioxobicvclo [2.2.27 octane-1.4-dicarbo-
xylate gII) was first synthesized by the procedure of
Roberts“, the yield was 28-30%, m.p.=106-115°C.

TILC has indicated that the product contains 8-10 differ-
ent substances. Two among them (with the values of R = 0O
and R, 60) were identified as esters.

The UV spectrum of this product was of complex character.
After purifying by the procedure 2 the number of compounds
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decreased to 3-4, m.p.=108-118°C.

To synthesize II somewhat modified procedure of Guha
was used. The reaction was carried out in the atmosphere
of dry argon purified from 02. The system was protected
from moisture.

In one liter flask from 300 ml of anhydrous alcohol
and 7.2 g (0.32 g - atom) of fine-cut sodium the alcoholate
was prepared. Then 40 g (0.43gemole) of compound (I) was
added to it and the mixture was heated for 2-3 hours at
90°C. Alcohol was distilled in the atmosphere of argon.
To remove the last traces of alcohol the flask was heated
for 1-2 hours at 150°C at the pressure of 7 Torr. To dry
disodium compound 200 ml of dry dibromoethane was added
and, energetically mixing, heated at 120°C. The reaction
was believed to be completed when reaching neutral pH
which required 26-40 hours. Non-reacted 1,2-dibromoethans
was distilled with steam. When cooling, a yellow crystal
precipitate fell out. After recrystallizing the product
from ethyl alcohol and treating the precipitate with
solution of NaOH 26.5 - 28g (61-63%) * the white crystal
product (m.p. 111.8-112°C) was obtained.

After distilling 1,2-dibromoethane the obtained crude
product contained 3-4 components (according to the-TLC
data). After purifying it contained only one component with
Rx = 0 which was identified as the ester.

UV spectrum had the absorption maximum at 203 nm
(&=17.4 . 10%).

IR spectrum had the band characteristic of an ester
(1720 cm™ ).

Results and Discussion

Prom the above data one can see that the synthesis
without isolating and purifying intermediate I produces
a complex mixture of products and hardly can be used for

It should be noted that according to Kefs. 5 and 11 the
higher yield can be obtained if using NaH as condensing
agent. Unfortunately, under our conditions this procedure

is unapplicable due to inaccessibility of NaH.
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preparative production of needed product II.

At the sane time the described procedure of synthesis
involving the intermediate isolation of compound I has
proved to be applicable, since the yield of the pure product
ie high enough, more tham 60%.
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STUDY OF REACTIVITY OF SUBSTITUTED BICYCLO
[2.2.2] oCTARES
3, Influence of Reaction Conditions on Absolute and

Relative Yields of Diethyl Eetere of Bicyclo [2.2.2]
octane-1,2- and 1,3-Dicarboxylic Acids

A. Korgesaar, V. Siilate, and J. Reiljan
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Tartu State University, Tartu, Est. SSR

Received December 20, 1979

Influence of temperature and reactlon condi-
tions on the absolute and relative yields of
diethyl eetere of bicyclo [2.2.2] octane-1,2-
and 1,3-dicarboxylic acids waa studied. The
procedure of GLC was used. Optimum conditions
of synthesis are determined.

Possible methods to produce 1-Y-2-X and 1-Y-3-X deriva-
tives of bicyclo [2.2.2] octane where Y = COOH or COOR were
considered in Ref. 1.

There is little information about eynthesis of deriva-
tives with X = COR, COH, Br, COH, COCHy,and cN>-©,13

To obtain bicyclo[2.2.2] octane derivatives diene syn-
thesis with subsequent hydrogenation of adduct is applied
most often. The reaction is carried out by heating eithgrl3
in flask with reflux condenler5'4' or sealed ampul;l .
at 100-150°C or higher temperatures. The mixture of 1,2- and
1,3-isomers is formed, the total yield being 50-80%

In all cases 1,2-isomer is mainly formed with some amount
of 1,3-isomer 3,7-8,13

Influence of temperature and reaction conditions on the
absolute and relative ylelds of these isomers has not been
studied in detail, though literature presents some contra-

e R —
For communications 1 and 2 see Refs. 1 and 2
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dicting data on condensation producta of 1-eubstituted
dienes *

The purpose of thia work ie to specify the optimum
conditiona of diene condensation and mixture compoaition
of 1,2~ end 1,3-ieomere of bicyclo [2.2.2] octane at
!-x-cozEt.

The synthesis was done by the literature procedure
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We have studied the total yield of the mixture of
products (III) and also amounts of 1,2- and 1,3-isomers in
mixture (IV) obtained after hydrogenating intermediate (III)
on Pto2 in the atmosphere of hydrogen (at atmospheric pres-
sure).

Experimental

Ethyl ester of 1.3-cyclohexadiene carboxylic acid (I)
was synthesiged by the procedure of Grob and Ohta sy DeDe=

= 92-94°C (12 mm Hg, ny2 = 1.4978 (Lit.'! b.p.= 90-92°C
(11 mm Hg)).

UV spectrum of diene was registered on a "Hitachi"
EPS-3T spectrophotometer in ethyl alcohol and had the maxi-
mom at 292 om (& =8.13 « 107). (L4t A, = 292 am, =
= 8.26 ¢ 10°).

IR spectrum was registered in a thin layer between the
plates of HaCl on a "Spectromom®-2000 spectrometer. The
absorption maxima at 1710 and 1635 cm~ ' characteristic of
the conjugated ester group and double bond, respectively,
were observed.

Ethvl ester of acrylic acid (II)(grade "Pure for anal~-
ysis") was dried over anhydrous HgSO4 and used freshly dis-
tilled only, b.p.=99.0-- 99.5°C/760 mm Hg.

The content of isomers was determined with GLC, using
*Yoruchrom" A-1 chromatograph with column 3m x 2 mm filled
with XE - 60(5%) at 200°C (according to the literature data
$he column with DS - 550 was used for analogous purpose: ).
The per cent composition of the mixture was calculated
by the formula:

area of peak A . 100

total area of peaks

Areas of peaks were considered as equalled to- the product
of the peak height and its halfwidth 7.

The mixture of products of runs 3 and 4 is characterized
by the NMR- 130 spectrum with the use of a Bruker spectro-
meter. Tetramethylsilane was used as an internal standard
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and deuterated acetone as a lolvent‘.
According to the spectrum obtained the ratio of 1,2-
and 1,3 isomers was 3:1,

Table 1 summarizes the data on synthesis.
Table 1
Data on the Syntheses by the Scheme. Procedure A,

heating with reflux condenser in the atmosphere of
anhydrons argon. Procedure B, heating in the sealed
ampule in the atmosphere of anhydrous argon. The

reaction mixture occupied 1/3 of the ampule volume.

NN ?m?untdog diene - t.p.°C of %iel? Ra;io
I) an ienophile he mixture (IIT '

(II) in g (in molel)°°nditi°n' (IID) % _jpomers
in the
mixture

(IV):
*** 5,0 (0.033) (I) Refluxing 110-113° 50,0 38t 1
24 h,,temp. °
is not 0,07mm He
9.8 (0.098) (II) pointed out
1 5.0 (0.033) (I) Proc.A,24 h. 152-155° 49 6 .
9.8 (0.098) (II) 115°¢ 4 mm Hg
2 3.7 (0.024) (I) Proc.B,23 h. 149-150° ,, o
6.5 (0.065) (II) 115°¢C 3 mm Hg
3 3.5 (0.023) (I) ©Proc.B,18 h. 156-160° 71 )
6.7 (0.067) (II) 140°C 5 mm Hg
4 3.0 (0.019) (I) Proc.B,18 h. 155-160° 74.0 3.0
8.0 (0.08) (II) 140°C 5 mm Hg
5 3.0 (0.019) (I) Proc.B,13 h. 149-152° ¢, ;1
8.0 (0.08) (II) 1559¢ 3 mm Hg

* The authors are grateful to T. Pehk (Institute of Cyber-
netic-) for recording this spectrum.
The hydrogenation of mixture (III) proceedsd with the
yield about 85%,b.p. of the mixture obtained (IV) was
149 -~ 149.5°C/2 mm Hg
From Ref. 3.
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Results and Discussion

From the data obtained one can see that the yield of
the mixture of products (III) is increased approximately
by 15% with the reaction being carried out in the sealed
ampule (cf. runs 1 and 2). The optimum temperature for the
synthesis of these compounds is 140°C. At the higher tsm-
perature (155°C) the amount of resinous side product is
increased. Over the temperaturs range studied there is a
alight dependence of 1,2- and 1,3-isomer on the temperature.
At the higher temperature the relative yield of 1,3-isomer
is somewhat increased.

Synthesis in the sealed ampule at 140°C is the most
expedient.
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NMR Spectra of Acetylenes R1C=CR2. Structural
Effects of Groups R, and R2 on CBp Shifts
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V.I.Donskikh and V.M.Polonov

Irkutsk University, Irkutsk 664033
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A correlation analysis of 130 chemical shifts
of Ca atom for a large series of mono- and disub-
stituted acetylenes R1CECR2 has been carried out.
The structural effects of various groups R1 and R2 on
the value of are found to be independent and may be
fairly described within the axiomatics of the polyli-
nearity principle and the LFER principle. These ef-
fects are linear combinations of inductive, steric,
and resonance contributions.

Additivity in the structural effects of different substit-
uents on the shielding of the aromatic ring 130 nuclei is
a wide-spread conception in the 130 NMR spectroscopy of po-
lysubstituted benzenes (e.g. see Refe.1 and 2).However, re-
cent results show unambiguously considerable differences
between the measured 130 chemical shift values 130 and
those calculated within additive approach for a large number
of 1,4-disubstituted benzenea3_z although a physical nature
of this non-additivity is not fairly realized up to now.
One may obviously assume that in disubstituted acetylenes
R1C§CR2, these compounds as well as 1,4-disubstituted ben-
zenes and trans-1,2-disubstituted ethylenes are the simpl-
est unsaturated disubstituted compounds whose substituents
do not interact sterically, the effects of groups R, and'R2
on the triple carbon bond shielding are also non-additive.
A vast body of data on NMR 130 spectroscopy is now accumu-
lated for disubstituted acetylenes R1C=GR2 (see Appendix
II), Chemical shifts 30 in these compounds are found to
depend strongly on structure of R, and R,. When variations
in structure of group R1(or R2) are small, e.g. the group
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is m,p-substituted phenyl, this dependence is described sa-
tisfactorily by the corresponding substituent constants7.
However, more general relationships covering up not only a
wide variation in the structure of one of the groups R1 and
R2, but their simultaneous variations are not known. We have
attempted here to comstruct such relationship in terms of
the polylinear principle (PPL)8 It has been used suc-
cessfully to describe quantitatively the combined effect of
several factors on different properties of organic com-
poundsg—lq. One of us has shown previously14 that PPL

well describes the non-additivity in the effects of groups
R1 and R2 on 8130 of the ring carbon at R1 in 1,4-R,fR, and
explains the observed isoparametricity phenomenon "° -, i.e.
a reversal of the effect of R1 on the 3130 value with a
change in structure of the substituent R2.

Denoting the substituent at the atom-detector of
the 130 signal in compounds R1C=CR2 as R1, we assume then
that formal brutto-mechanism for the effect of various
groups R1(R2) on the 3130 of the nucleus under considera-
tion is the same and independent of the nature of the group
RZ(R1).In such a case,the 8130 value may be given, accord-
ing to the PPL, as follows:

B(R1C=CR2) = ay + X, + aX, + a12X1X2 1)

Here x1 and x2 are the scales (measures) for structural ef-
fects of groups R1 and Rz, respectively; a,ta,, coeffici~
ents,a,, does not equal zero when the effects of R; and R
are non-additive. The coefficients of equation (1) should
obey the conditions® a, = §(roc=CR,) end &, = 8, = 1,
when, in accordance with PPL, x1 and x2 are defined as the
differences:

X, 3(R1050Rg) - $(r°c=ck°) (2)

X, d(rc=cR,) - d(rSc=Cr®) (3)
Here R® and R2 are some substituents R, and R2 taken arbit-
rarily as standard ones. Let us take R1 = R2 = H, since the
6130 values are known for a great number of monosubstituted

540



acetylenes. The and X2 values calculated in this way
for different substituents R1 and R2 are enlisted in Ap-
pendix I.The gbsence of correlation between these measures
shows that the nature of effects of groups R, and R2
on the 313Csp values for R1CiCR2 is different ,

The necessary and sufficient condition for the equation
(1) appllcabillty is the applicability of the LFER prin-
ciple to S C of R C=CR2, i.e. the 6130 values for any two
sdries of the compounds with varying groups R1(or R2)
fixed at different levels groups Rz(or R1) should be lin-
early related; that is, for any R1 and R2 described by
equatlon (1), the relations

'3¢(R,c2cr 2,

13 = _ 13 =
8136 (R,c20R,)p goney = © + D813 (HORCR,) (5)
should be observed in experiment.

Equations (4) and (5) have been verified on the data

1

) 135(g.cx
mconst = A + B8'3c(n,cxcH) (4)

for 40 groups R, and 38 groups R2. The mean stan-
dard deviations and coefficients of correlations (s =
1.33 + 0.15, s2 = 1.17 ¥ 0.14, r, = 0.985 ¥ 0.004 and r2 =

0.986 + 0.004; the averaged numbe15n1 and of points in
the sets are as large as 6 and 7) for these correlations
show a fair applicability of the LPER principle to struc-
tural effects of groups R1 and R2 on the property of in-
terest., The slopes B and D in these correlations are found
to be practically independent of the nature of groups

R2 and R1 respectively. These slopes are nearly equal to
1.00, i.e. B = 0.999 ¥ 0.027, b = (.978 + 0.028. The corre-
lations found for certain groups R1 and R2 are given in
Table 1.

Thus, the 81305p dependence on the structure of R, and

Substituents R, and R, may affect the 813¢ value in aif-
ferent mechanisms.Rut if the number and types of these more
fundamental mechanisms are the same for both substitu-
ents, their partial contributions to the general effects of
these substituents may differ substantially; see below.
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Table 1
Coefficients and Statistics of Equations (4) and (5)
for Some Sets of Disubstituted Acetylenes

Subetituent AorC B or D n® r° T gt
CHy 0.5%3.1 | 0.94%0.04 | 24 0.989 | 1.15
Ph 4.6¥3.2 | 1.02%0.04 | 14 0.991 | 1.36
Si(cn3)3 16.9+44.3 | 1.06%0.05 | 12 0.992 | 1.06

wy CHy 3.4%1.5 | 1.06+0.02 | 23 0.997 | 1.03

R2=C(0H)(CH3)219.3$1.7 0.97+0.02 | 14 0.996 | 1.31
1.0570.03 | 14 0.996 | 1.70

®*Phe number of points in the set. Coefficient of correla-
tion. ®Standard deviation for the regression,

R2 in compounds R1C-‘=CR2 should be described by equation
(1) with an accuracy at least similar to that found for
correlations within equations (4) and (5). According
to Table 2, the 61 values for acetylene itself and for
46 its derivatives with alkyl or electronegative alipha-
tic* groups R1 and R2 are, in fact, well described by this
equation (Reg. A.1). Bxclusion of four points with signi-
ficant deviations increases the description quality (Reg.
A.,2). The coefficients a5, 845 8, in these regressions do
not differ from their theoretical values (72.0, 1.00, and
1.00, respectively), although the a, value has large un-
certainty. On the other hand, the estimate of a3, is sta-
tistically insignificant and, as a result, exclusion of
the term a, does not affect the regression quality
(see Reg.B.1l and B.2)at the better convergence of the es-
timate for coefficient 85 Thus, one can conclude that the
structural effects of groups R1 and R2 on the 31305p val-
ues for disubstituted acetylenes are independent. This

»
Substituents of type x1xzx3c(CH2)n, 1112HC(CH2)n or
XHZG(CHZ)n, where n = 0,1,2,... and x1fx3 are electronega-
tive substituents of the type Cl, Ph, N02, ete.
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Table 2
Coefficients and Statistics of Bquation (1)
= a b c
Reg. a, a, a, n R S

1c

AL T1.240% 1.050% | 0.931% | 0.005+| 47 0.980 | 0.94
0.56 0.055 0.144 0.013

A.2 | 71.080% | 1.085+ | 0.889% | 0.012% | 43%(0.990 | 0.70
0.419 | 0.042 | 0.108 | 0.010

B.1 | T1.395+ | 1.034% | 0.984% 47 [0.980 | 0.94
Q.388 .| 0.034 | 0.048
B.2 | T1.523% | 1.024% | 0.975% 42%/0.990 | 0.63

0.265 0.024 0.036

C.1 72.342% | 0.955% | 0.941F | 0.006+ 225 |0.988 | 2,25
0.292 0.027 0.032 0.002

Cc.2 72.531% | G.957% | 0.962% 0.005% | 1958 0.994 1 1.49
0.191 0.018 0.022 0.002

D.1 | 72.089% | 0.971F | 1.014+ 225 |0.988 | 2.28
0.275 | 0.026 | 0.011
D.2 | 72.386% | 0.970% | 1.014% 196%(0.994 | 1.50

0.183 0.018 0.009

The "theoretical™ value for a, is 72.00; see the text,
The number of points in the set. FCoefficient of multiple
correlation, The regression standard. Swithout signifi-
cantly deviated points for compounds 5-7, 6-7, 15-15, 15-
44. Points for compounds 5-7, 6-7, 15-15, 15-44, 51-44,
are ruled out because of their significant deviations for
the regression found. &Without significantly deviated
points for compounds 136-7, 141-7, 108-3,141-5,127-10,15-
50, 50-15, 39-108, 108-39, 54-39, 136-46, 136-45, 127-46,
54-141, 127-57, 105-105, 105-127, 107-127, 128-127, 135-
128, 128-135, 141-136, 141-108, 90-118, 81-118, 88-118
94-118, 84-118, 81-103, 15-142. hThe points for compounds
136-7, 141-7, 108-3, 141-5, 15-50, 50-15, 39-108, 108-39,
54-39, 136-46, 136-45, 127-57, 105-105, 105-127, 107-127
128-127, 133-108, 135-128, 128-135, 141-136, 141-108, 90-
118, 81-118, 88-118, 94-118, 84-118, 81-103, 15-142 are
excluded due to their significant deviations. Substit-
uents R1 and R2 in the compounds R1CECR are here denoted

2
by numbers corresponding to those in Appendix I,
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conclusion is confirmed by the independence o>f B and D

in equations (4) and (5) on the nature of groups
R, and RI,rGSPGGtively- Similar additivity is also
observed for the effects of groups and R2 on the ring
carbon shifts in 1,3-disubstituted benzenes whereas the
substituent effects in their 1l,4-isomers are significantly
non—additive3’4'14. It should be noted that regressions A
and B in Table 2 have lower standard deviations than those
found for equations (4) and (5) (Table 1).

Substituents R1 and R2 covered by regressions A and B
(Table 2) are unable to all types of resonance interactionm,
but hyperconjugation which seems to be negligible in the
ground state of organic compounds9'1?Addition of the data
for 178 other disubstituted acetylenes with groups R1 and
R
MI1XZX3, with M = Si, Ge, Sn) decreases dramatically the
regression accuracy (Regs. C.1 and D.1)., '‘When a number of

5 being able to resonance effects (Ccox, OR, SR, X or

significantly deviating points is excluded,the regression
quality increases considerally (Regs. C.2 and D.2). 4n ac-
tual absence of the cross-term in equation (1) is confirm-
ed by similarity in the values of statistics 5 and R for
Regs. C.2 and D.2, and by close resemblance of the a, + &,
values in the latter regression to their "theoretical" val-
ues. Worse regression standard for Regs. C.2 and D.2 than
those found for A.2 and B.2 may be due to the presence in
the added disubstituted compounds of additional mechanisms,
governing the substituent effects on the 3 value, which
are absent in the corresponding monosubstituted compounds
and in those described by regressions A.2 and C.2. Solva-
tion effects and uncertainties related with the use of the
data of different authers may also decrease the accuracy of
these regressions.

The absence of the cross-term in equation (1) requires

‘All monosubstituted compounds except acetylene and it
methyl and ethyl derivatives were not included in this set.
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that the 6130 values for disubstituted and corresponding
monosubstituted acetylenes should obey a simple relation-
ship:

5(R1CECR2) =8y + a1[5(R1c=cn) + S(HCECRZﬂ (6)

Here a5 and &, should be the 8130 value for acetylene with
the opposite sign and 1.00 respectively. Fig.1 shows the
corresponding theoretical relationship between 8(R.OECR )
and O(R,C=CH) + S(HCECRZ) and fit of experimental points
for 229 compounds ( 226 are disubstituted ones) to
this relationship. For 185 points the values A = exp.”
g13”calc.~° not exceed +2 ppm.Among the remained 44 points
A >4 only for 14 points. The lowest deviations are observed
for the compounds with alkyl and electronegative alipha-
tic groups R1 and R2. The deviations for other compounds
are rather unsystematic. It may be noted here that those
are positive for many compounds with aryl or d,B -unsatu-
rated groups R1 and/or R2, whereas a lot of compounds with

R1 = MX1Z2XB = Si, Ge, Sn) have negative A values. For
compounds of the latter type the maximum deviations are
observed. With R2 = the values of A are low and un-
systematic,

Table 3 shows the coefficients and statistics for equa-
tion (6) and for its extended form, i.e. equation (7)*,
which considers some of above features in deviations for
various groups of substituents.

S(R1 C=CR, )=a,o+a.1 [8(121 CECH)+3(RC‘='CR2 )] +a.znA_r+a3n.,(+a4nl‘I (7)

Here D, is the number of aryl groups R1 and/or R2, n,is

x
e

The analysis of deviations observed in Fig. 1 allows us
to assume that (1) the coefficients 8, and &, do not depend

’
at the first approximation, on the position of group R or

R, or on the nature of substituents in aryl- or ., B-
unsaturated group, (ii) the coefficient & does not depend
on the nature of substituents X,y X and X3 in groups R =

545



100

60

40

120 140 160 160
6(R;C=CH)+ 8(HC=CR;).( ppm)

Pig.1. Relationship between 61 3¢ for disubstituted acety-
lenes R.CaCR, and the sum 6(R,C8CH) + S(HCSCR,) for corres-
ponding monosubstituted compounds. The dashed lines form
the ¥4ppm "corridor"® for the line with theoretical intercept
and slope; see the text. The shaded circles correspond to
A> F4ppm.
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Table 3
Coefficients and Statistics of Equations (6) and (7)

ﬁegr a, é1 a, a3 n® R® | s®

E.1[-75.136%|1.019% 47" (0.980[0.94
4.718 |0.031

E.2|-74.134%]1.013+ 42°]0.990/0.64
3.519 |0.023 s

F.1|-73.529%|1.009% 228" |0.988/2.22
1.636 [0.010

F.2|-T1.2524/0 9 3 195%(0.995(1.39

137 |0

G.1[=73.564%(1.0114|-0.372+ -1.108%| 2297 [0.986| 2. 42
1.792 {0.011 | 0.402 0.411

G.2[-75.564%|1.021%| 0.475% -1.335%(201% (0,994 1.47
1.208 |0.008 | 0.264 0.268 .

H.1|=73.651%1.011% 0.155+]-0.995% [229" [0.987 2.42
1.796 [0.011 0.361 | 0.419 .

H.2|-75.430%(1.022+ 0.929%|-1.162+{199"10.995| 1. 40
1.157 |0.007 0.223 | 0.260 .

1.1/-73.610+[1.011% -1.041%|229" [0.986|2.42
1.790 {0.011 0.404 s

1.2|-74.775%|1.020+ -1.376%|206™ [0.994]1.49
1.219 [0.008 0.269 )

J.1|-66.444%|0.965% 1447 [0.987[1.73
2.016 |0.013 ]

3.2|-71.3214+|0.998% 130900.992(1.31
1.662 [0.011 ,

K.1|=66.726+]0.967+|-0.277+ 144%(0.987/1.73
2.045 [0.013 | 0.330

K.2|=71.406+]0.998%| 0.564+ 1299°0.993[1.28
1.627 |6.011 | 0.264

L.1|-65.775+|0.959% 0.419% 1449 |0.987[1.73
2.067 |0.014 0.304

L.2[-69.961+|0.986% 1.121% 12931b.994 1.19

n, R,and S have the same meaning as those used in Table 2,
For acetylenes with substituents R1 and R, unable

to reasonable interactions. SThe points for compounds 5=7,
6-7, 15-15, 15-44, 51-44 are excluded because of significant
deviations. %For all disubstituted compounds, except
129-107. ®When significantly deviated points for com=
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pounds 136-7, 141-7, 141-5, 127-10, 15-50, 50-15, 108-39,
54-39, 127-15, 136-46, 136-45, 127-46, 54-115, 54-141,
105-105, 105-127, 107-127, 127-108, 128-127, 135-108, 135-
128, 128-135, 141-136, 141-108, 90-118, 81-118, 94-118,
84-118, 81-103, 88-118, 15-142 have been ruled out, For
all compounds. sSignificantly deviated points for 141-7,
15-50, 50-15, 39-108, 108-39, 54-39, 136-46, 96-105, 105-
105, 105-127, 127-107, 107-127, 128-127, 135-128, 128-135,
141-136, 141-108, 90-118, 81-118, 88-118, 94-118, 84-118,
81-103, 15-142 are excluded. h'1thout the points listed in
foot-note for Reg. G.2 as well as points 135-108, 54-
115, 100-105. iSignificantly deviated points for compounds
141-7, 39-108, 108-39, 54-39, 105-105, 105-127, 135-128,
141-136, 141-108, 81-118, 88-118, 84-118, 81-103, 15-142
are excluded. jFor all compounds without the groups Ry

Ry = MX11213: M = Si, Ge or sn. Xrne points for compounds
15-15, 108-39, 54-39, 54-115, 96-105, 105-105, 90-118, 81-
-118, 88-118, 94-118, s4-118, 81-103, 150-81, 15-142 are
omitted because of significant deviations. iThe same
points as those in the case of Reg. J.2 and point for 100-
105 are excluded because of significant deviations. Bygith-
out significantly deviated points for compounds 108-3,
108-39, 54-39, 54-115, 96-105, 100-105, 105-105, 90-118,
81-118, 88-118, 94-118, 84-118, 81-103, 150-81, 15-142.
All compounds mentioned are denoted in the same way as
that used in Table 2,

the number of aryl and/or d!p-unsaturated groups R1 and/or
R in compounds R,C=CR, (nAr' ng = 0,1,2), ny = 1 when
substituent mx1x2x3 is in position R1;a2+a4 are additional
contributions due to:the presence of corresponding groups,
Corresponding to equation (6) regression (E.1 and E.2)

for compounds with groups R1 and R2(unable to conjuga
tion) displays fair statistical standard and ags values
close to theoretical ones.Inclusion of compounds with other
groups RI and/or R2 worsens sharply the regression qual-
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ity (Reg. F.1). However, exclusion of a number of mark-
edly deviated points increases the regression accuracy
(Reg. F.2). The estimates for a; and a, in regression F.2
also agree well with their "theoretical™ values. Further
improvement in the regression quality by means of exclu-
sion of other points with significant but small deviations
is senceless, since the accuracy found for LFER principle
applicability to 8(R1c=cR2) does not exceed ¥1.3 ppm (see
above, 8 = 1,3 F 0.2). This is also true for all other
regressions in Table 3. Extention of equation (6) by terms
a,n, . and a4nM does not improve its quality (Reg. G.1 and
G.2) and leads to insignificant estimate for a5, Additions
of term ajnﬁ-and a4nl or a.4nu also produce no conei-
derable effect although both a; and 34 are significant.
Regs. G.2, H.2, I.2 show some discrepancy between their
estimates for ap whereas a, values are in good agreement.
Exclusion of the data for all compounds with R1 =

(M = Si, Ge or Sn) leads to a good correlation by equation
(6) (Reg. J.2). Addition of terms 80, OF &,n in this
equation is also not effective in this case and the estimate
for a8, 1is insignificant. Thus, within discussed experi-
mental data any refinement of equation (6) appears to be
meaningless. The scattering of exsperimental data around
the theoretical line in Fig.1 seems to be mainly due to the
fact that the data used are from different sources and may
be caused by difference in solvation, concentration and by
other purely experimental reasons, e.g. the use of differ-
ent internal and external standards and solvents.All these
reasons are not connected with the electromnic effects of
groups R1 and R2 on the values, Hence, the terms re-
lated with coefficients 8y + 8, in equation (7) may be on-
ly artefacts. At any rate, their reliability requires more
thorough investigation.

, It is obvious that substituents R1 and R2 affect the
3 3CS value by several mechanisms simultaneously. Fair
applicability of equations (1), (6) and particularly of
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Table 4
The Results of Regression Analysis of Scales

x1 and 12 in Framework of Equation (B)a.

Regd X a, a, a, 33 n R S

M.1 11 18.778%|-4.286+|-3.888+ 34/0.949| 1.206
0.519 | 0.470 | 0.258

M.2 19.361%|-4.928+|-4.032% 30|0.981 0.771b'c

0.353 | 0.323 | 0.1T1

E.1] [18.741%|-4.230%|-3.884+|-4.816+| 46|0.949| 1.045%
0.442 | 0.388 | 0.233 | 0.471

§.2| [19.196%|-4.978%|-3.928+|-4.747+| 39]0.986|0.557%7¢
0.264 | 0.227 | 0.132 | 0.263

0.1|X,[-2.991%[5.058 ¥| 0.732+ 35/0.754| 2.049%2F
0.882 0.800 0.438

0.2 |-3.976%| 7.077+| 0.719+ 27/0.961]0.8020 18
0.411 | 0.427 | 0.212

P.1| |-3.288%| 5.418+| 0.755+| 4.979+| 46|0.862[1.853%F

0.775 | 0.680 | 0.391 | 0.825

P.2| |-4.111+| 7.3314| 0.717+| 4.524+| 39/0.977|0.7863::8
0.366 | 0.360 | 0.194 | 0.390

Bn, R,and S have the same meaning as those in Table 2and 3.
Constants 5‘ for vinyl and electronegative aliphatic groups
are from Refs. 25 and 26 or are estimated on the basis of
Zc = 0:36. For aryl groups 6 are calculated as it has been
described in Ref. 18. PFor alkyl and electronegative ali-
phatic groups but without the point for H. ®without sig-
nificantly deviated points for groups 13, 15, 44, and 80.
dFor alkyl, electronegative, and aryl groups but without
group H. eSignificantly deviated points for groups 10, 12,
13, 15, 38, 44, 80 are excluded. fW:Lth point for H. &ywith-
out significantly deviated points for groups 2, 25, 29, 34,
41, 44,and 80. The numeration of groups is in accordance
with that used in Appendix I.

Eqas. (4) and (5) to the experimental data indicatesg’16

that the ratio of contributions of different mechanisms in
the combined effects measured by scales 11 and 12 of group
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i
R1 and R2 on 30 is constant at first approximation. An
analysis of these measures for the most representative set
of 47 alkyl, electronegative aliphatic, aryl substituents
and H has shown that they, in fact, may be described as a
linear combination of the inductive (a15‘), steric (azn;)
and resonance (aBnAr) effects of these substituents
(Table 4):
* o
X=a;+ a6 + 8ty + a;n, . (8)

Here 6 is the inductive constant of R, ng is the number
of H-atoms attached to the ¢ 3 ®-atom in R (n = 0,1,2,3),
.= 1y when R = aryl group and zero in all other cases;
a, and a, are the sensitivities of X to the inductive ef-
fect of substituent and to its branching,respectively,and
8, is a resonance contribution of the aryl group to X
assumed, in accordance with Ref. 18, to be independent of
the nature of the ring substituents. The term azng in
Eq. (8) similar to a hyperconjugation term in the
extended Taft equation19 apparently reflects 1,3-non-bond-
ed (steric) interactions as it was shown’3'20 in the analw
ysis of thermodynamic properties of organic compounds.,
Regressions corresponding to equation (8) (Regs. N.2 and
P.2 in Table 4) have a satisfactory quality for X, and X
after exclusion of a number of significantly deviated
points.The regression accuracy (8%=8/A where S8 is the
standard of regression and A is a range of variation of
correlated value) is 3.9 and 5.2% for x1 and 12, respecti-
vely. All the contributions in the regressions are signi-
ficant and exclusion of one of them sharply decreases both
the correlation coefficient and regression standard. Ex-
tension of that equation by the term proportional to ste-
ric constants Es of groups R1 and R2 leads to its insigni-
ficance. As it is seen from Table 4, Regs. M.2 and 0.2 ob-
tained for alkyl and electronegative aliphatic groups are
particular cases of more general regressions N.2 and P.2.

Comparing the regressions in Table 4 one can see that

2
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inductive, steric, and resonance contributions in the ef-
fects of groups RI and R2 on the 8150 value have opposite
directions. These regressions also differ considerably in
the absolute value of coefficiefits aofaz,whereas the abso-
lute values of aryl group resonance contribution are nearly
equal. These differences are responsible for the absence
of correlation between the effects of RI and R2 on the

8 0 . In other words, the total effects of groups RI and
R2 on the value of SiBC sp are different linear combina -
tions of the same more fundamental contributions.lt should
be especially noted that the regressiomns for X2 describe
well the point for substituent H, whereas the regressions
for X; fail to do this ( A = X1 cale. ~ X1 exp. = 16 ppm!).
Similar deviation of substituent H from general regulari-
ties is observed in the constantszoxe used to describe
AH° for organic compounds and in steric constants

E (E )

Thus in compounds R C—CR the substituents Ry & and R2
affect independently the chemical shift value é 3C
and their effects, which are linear combinations of the in-
ductive, steric, and resonance contributions, are satisfac-
torily described in terms of PPL. The above regression equa-
tions may be used to estimate chemical shifts. The analysis
of the totalities of more consistent experimental data will
undoubtedly allow to refine the mathematical form and the
limits of application of the relationships found.

All the regressions have been calculated on computer
ODRA-1304, using the program of multiple regression analysis
based on Draper and Smith algorythms 22 with some our modi-
fications. The risk level of 5% is used for all statistical

test923’24.
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Appendix I
Measures X, and X, for Various Substituents

R X | X, R X, X,
1 H 0 0 [ 3%[H,C=CHCH(CH) 10.8 | 2.6
2 Me 7.3| 5,0 33| PhCH=CHCH(OH)-t | 10.9 | 2.7
3 Et 13.C|-4.7| 34 (Et0),CH(0H) Te2 | 1.5
4 Pr 11.6( -3.8| 35/ MeCH=CHCH(OH)-t | 11.6 | 2.0
5 Bu 12.0( -3.4| 36| Ph,CHCH(OH) 1M1.4 ] 3.1
6 Am 12.1|-3.4/ 37| t-Bu 20 -5.0
7 Hex 13.2|-1.8| 38 Ph,C 17.6 | 1.3
8 Cy0H21 12.7|=3.2| 39| Me ,C(0H) 16.8 | -1.8
] CqqHpg 12.4|-3.9/ 40| Et(Me)C(0H) 15.7 | -0.7
10| HOCH,CH, 8.7/ -1.5| 41| Ph(Me )C (OH) 16.9 | -1.0
11/CC1,=CHOCH,CH, | 7.8{-1.1|42 H,C=CH(Me)C(OH) | 14.6 | 1.4
12/C1CH, T7.6| 3.6{43 Ph;81CH, -2.b [ 15.2
13| BrcH, 9.1| 5.1|44 Me,NCH, 6.8 | 1.7
14| PhCH, 10.4|-0.8| 45 (CH, ) NCH, 8.3 | 2.3
15| HOCH,, 11.2| 3.1|46 o(c32)4xcn2 8.0 | 3.0
16| MeOCH, 8.2| 3.0{47 (HC=CCH, ) ,NCH, 6.8 | 2.4
17| CC1,=CHOCH,, 5.7| 5.3]/48 cl(cnz)snn CH, 1.6 | 9.6
18| PhOCH, 6.6 3.2|49 C1(Et),NH CH, 1.3 | 9.3
19| p-MeOgOCH,, 7.2| 3.0(50 I(c32)5n(1e) CH, | 5.3 |17.1
20| p-MegOCH, T.4) 3.1{51 (cnz)sc(on) 15.8 | 0.2
21| p-FPOCH, 7.0| 3.6(52 (cnz)sc(ococna) 11.6 | 2,3
22| p-BryOCH, 6.6| 3.8|53 (cn2)4c(ococn3) 12.3 | 1.2
23| p-I¢OCH, 6.3 4.1|54 CH,,=CH 8.1 | 6.8
24| p-HC=CCH,000CH, | 8.0| 4,8(55|MeCH=CH-o 8.3 [10.1
25| p-NO,P0CH, 6.4| 6.0(56 MeCH=CH-% 10.5 | 3.8
26 0-N0 ,P0CH, T.1] 6.2|57|EtCH=CH-c 8.4 | 9.2
27| BEtCH(OH) 12,9| 0,9(58| EtCH=CH-t 10.5 | 3.7
28| PhCH(OH) 11.6| 2.9(59| PrCH=CH-¢ 8.5 | 9.3
29| HC=CCH(OH) 8.4 0.9|60|PrCH=CH-t 10.6 | 3.7
30| MeCH(OH) 13.8| 0.0(61|MeOCH=CH-c 6.8 | 8.6
31| i-PrCH(OH) 11.7| 1.5|62| £tOCH=CH-c 6.9 | 8.4
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R L] x R AEN
63| PrOCH=CH-c 6.7 | 8.1 98| -F4CP 10.1] 7.5
64| BuOCH=CH-c 6.8 | 8.0 | 99|p-N=CP 9.8| 9.1

65| 1-BuOCH=CH-c | 6.8 | 8.2 | 100| p-KO 9@ 9.6 9.7
66| a~BuOCH=CH-c | 6.9 | 8.0 | 101| m-HC=C@ 10.5| 6.9
67| 1-PrOCH=CH-c | 6.9 | 842 | 102|0-,0-,p-Me @ | 8.1| 11.3
68| t-BuOCH=CH-c | 7.0 | 7.6 | 103 N=C -14.8| 3.0
69| t-BuOCH=CH-t | 8.8 | 3.5 | 104|i-Prc(0) 8.9| 8.0
70| MeSCH=CH-¢ 8.3 | 13.2 | 105/ PhC(0) 8.5| 02
71| E4SCH=CH-c 8.3 | 12.9 | 106|Me00C 12.8| -3.9
72| EtSCH=CH-t  10.1 | 5.1 | 107|E00C 3.9| 9.4
73| PrSCH=CH=-c 8.3 | 12.9 | 108|Et0 17.6|-48.6
74| PrSCH=CH-t | 10,1 | 4.9 | 109|PhO 12,3|-38.3
75| BuSCH=CH-c 8.3 | 12,8 | 110| p-Me0g0 13.5(-39.0

76| 1-BuSCH=CH-c | 8.3 | 12.8 | 111| p-MeglO 12.6|=38.9
77| i-PrsCH=CH-c | 8.3 | 12.7 | 112{p-C1¢0 11.8|-37.9
78| t-BuSCH=CH-c | 8.3 |12.5 | 113|p-H0,90 10.6 |-36.1

79| t-BuSCH=CH-t | 10.1 | 5.2 | 114|0-Meg0 12.6|-38.4

80| C¢Hy g 13.5 | 2.5 | 115|Ets 0.8| 9.6
81|Ph 11.5 | 5.1 | 116/ PhyP(0) 5.9| 23.3
82| p-NH ¢ 12,2 | 2.8 | 117/ (Me,¥),P(0) 4.4 19.3

83| p-Me, ¢ 12.5 | 2.8 | 118| (Et0),P(0) 1.9] 20.2

84 | p-MeOg 11.5 | 3.7 | 119|BuyP(0) 10.6 | 21.8
85| p-Me 0P 11.6 | 4.4 |120|Bt,P(0) 9.2| 21.6
86 | p-Me ,CHJ 12,0 | 4.9 |121|s=BuyP 11.4| 20.9
87| p-Et@ 11.9 | 4.8 |122|PhyP 1040 | 24.3
88 | p-Me@ 11.6 | 4.4 |123] (MeyN), P 1.7 20.5

89| p-Pho@ 11.1 | 4.4 |124|(EL0),P 13.0| 19.8

90 | p-P¢ 10.4 | 4.8 |125|Ph N(CSCH)P 8.1 | 2442

91| p-MeSg 11.3 | 5.1 | 12€| (HC8C),P 4.2 26.2
92| p-Me ;510 11.6 | 5.4 |127|Me,5i 17.3 | 21.7
93| p-CH,=CH® 11.4 | 5.6 |12€|Et;S1 14.8 | 23.6
94 | p-C1¢ 10.4 | 6.0 |12¢|Ph 51 12.7| 25.6
95 | p-Ph@ 11.4 | 5.6 |130|C1 S 9.5 | 24.7
96 | p-Br@ 1044 | 6.2 |13 |Ph,Si(C=CH} | 11.4 26.0
97| p-HCECP 10.9 | 6.8 |132|Me,S1(C=CH) 14.4 | 23.4
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R I, b R X, X,

133] (p-Me) ,51(CSCH) [12.0 | 25.7 143 Ph,5n 12.6 | 25.5
134/ (p-MeO@),S1(C5CH) | 12,2 | 25.6 | 144 Ph,Pb 26.6 | 26,2
135 | Me,Ge 17.1 | 20.3 | 145 MeOOCCSH,, (12.4 | =3.6
136 | Et,Ge 14.4 | 21.6 | 146/MeOOCCgH, . (12,6 | -3.8
137|Bu,Ge 14,2 | 20,9 | 147|MeQ0CCgH, o [12.7 | -3.8
138|Ph-Ge 12,9 | 24.6 | 148|HC=C -3.8 | =7.6
139 Ph,Ge(C%CH) 10.5 | 23.9 | 149|MeC=C =340 | -8.0
140 (0625)2Ge(chH) 6.1 | 25,1 | 150 | HOCH,0=C 4.5 | =3.4
141 |Bt;5n 14.8 | 25,6 | 151|Me,C(OH)C=C|~4.2 | -2.7
142|PhCsC =36 | =141

& These measures are calculated according to equations (2)
and (3). The data used are in Appendix II.
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Appendix 11

Chemical Shifts (ppm from TMS) for Substituted Acetylenes R1C='-<3R2
R1 c c - RZ ref c — C¢c - Tel
H 71.95| T1.95 H|a p--BrlDOCB2 78.56| 75.80 H 1
Me 79.26 | 66.96 H | a | p-IPOCH, 78,26 | T6.09 H 1
Et 85.0 | 67.3 H | b | p~-HC®CCH,0$0CH, 79.96 | 76.80 H 1
Pr 83.6 | 68,2 H | ¢ | p-NO,$OCH, 78.38 | 77.96 H 1
Bu 84,0 | 68.6 H | 4 | o-NO,@OCH, 79.13| 18.19 H h
Am 84.1 | 68,6 H | 4 | EtCH(OH) 84.9 | T2.9 H g
Hex 85,2 | T0.2 H | 4 | PhCH(OH) 83.6 | T4.9 H g
C40H21 84.7 | 68.8 H | e | HCSCCH(OH) 80.4 | T2.9 H g
Cq1Hz3 84.4 | 68.1 H | £ | MeCH(OH) 85.8 | 72.0 H g
HOCH,CH, 80.7 | T0.5 H | g | 1-PrCH(OH) 83.7 | T3.5 H g
CC1,=CHOCH~CH, 79.79 | T0.92 H|h Bzc-cncn(on) 82.8 | T4.6 H g
CICH, 79.6 | 75.6 H | i | PhCE=CHCH(OH)-% 82,9 | T4.7 H g
BrCH, 81.1 | TT.1 H | i | (Et0),CH 79.2 | T73.5 - H g
PhCH, 82.41| 71 24 H | j | MeCE=CHCH(OH)-1 83.6 | 74.0 H 8
HOCH, 83.2 | 75.1 B |1 thcncmon) 83.4 | 75.1 H g
MeOCH, 80.20 | 75.00 H | k { t-Bu 92,14 | 67.00 H m
CC1,=CHOCH, 77.67 | T7.29 H | h |Ph.C 89,56 | 73.30 H J
PnOCH, 78463 | T5.17 H |1 IeZC(OH) 88.8 | T0.2 H g
p-MeOgOCH, 79.25 | 75.04 H | 1 |Bt(Me)C(OH) 87.7 | 7T1.3 H g
p-MefOCH, 79.44 | 75.12 H | 1 | Ph(Me)C(OH) B8T7.2 | T3.1 H g
p-FPOCH, 79.02 | 75.62 H | 1 |H,C=CH(Me)C (0H) 86.6 | 73.4 H n




R1 cC = C R2 ref El1 C = C - R2 ref
Ph;SiCH, 69.42 87.16 H J Ti-ProCH=CH-o 78.94| 80.16 H q
Me ) NCH, 78.85| 73.66 H k | t-BuOCH=CE-o 79.03| 79.65 H q
(cnz)sxcn2 80.3 | 74.3 H n | t-BuOCH=CH-1 80,83 | 75.46 H q
o(cn2)4xcn2 80,0 | 75.0 H n | MeSCH=CH-c 80.32| 85.25 H q
(HCSCCH, ), HCH, |T78.8 | T4.4 H n | BtSCH=CH=c 80.29 | 84.92 H q
c1 (032)5’§ CH, | 73.6 | 81.6 H n | EtSCH=CH-t 82,11, 77.12 H q
c1 (czns)zxn CHy 73.3 |8 3 H n | PrSCH=CH-c 80.29 | 84.92 H q
I(cnz)sl(le) CHy| 77.3 | 89.1 H n | PrSCH=CHE-t 82,06 | 76.91 H q
(CH,)C(OH) 87.8 | 72.2 H g | BuSCH=CH-¢ 80,30 | 84.80 H q
(Chy),ClOCOMe) | 84,3 | 73.2 H g | 1-BuSCH=CH=c 80.28 | B4.85 H q
(CHZ)SC(OCOIe) 83.6 | T4.3 H g | t-BuSCH=CH-c 80,32 | 84.50 H q
CH,=CH 80.1 | 78.8 H 1=-PrSCH=CH=-c 80,28 | 84,72 H q
MeCH=CH-c 80.3 | 82.1 H p | t-BuSCH=CH-t 82.06 | 77.22 H q
MeCH=CH-t 82.5 | 75.8 H p | C1CH=CH-c 87.5 | 718.1 H °
EtCH=CH-c 80.4 | 81.2 H p | C1CH=CE-t 82.1 | 79.2 H o
EtCH=CH-t 82.5 | 75.7 H P |CgHyp 85.5 | 74.5 H p
PrCH=CH-c 80.5 | 81.3 H P |Ph 83,52 | 77.06 H r
PrCH=CH-t 82.6 | 75.7 H P | p-NH,§ 84.20 | 74.77 H r
MeOCH=CH-c 78.81 | 80,58 H q [p-N(Me) ¢ 84.52 | 74.78 H r
Et0CH=CH-c 78.88 | 80.35 H q | p-MeO@ 83.52 | 75.67 H r
PrOCH=CH-c 78.74 | 80.10 H q |p-Me,cd 83.62 | 76.36 H T
BuOCH=CH-o 78.81 | 80.03 H q | p-Me,CHg 84.0 | 76.9 H s
1-BuOCH=CH-0 78.85 | 80.15 H qQ |p-Btd 83,9 | 76.8 H s




R, - ¢ = ¢ - R, ref R, cC = ¢ - R, ref
p-Me@ 83.62 [ 76,36 H r | PhO 84.34 | 33.64 H x
p-PhOg@ 83.12 | 76.41 H r p-Me0@0 85.46 | 33.00 H x
p-F¢ 82.43 | T6.82 H r p-Meg@O 84,61 | 33.09 H x
p-MeS@ 83.28 | T7.07 H r p-C1¢0 83.78 | 34.10 H x
p—la3Si¢ 83.63 | T7.37 H r p-102¢0 82.64 | 35.93 H x
p-UH,=CH 83.43 | T7.62 H r | o-Meg@O 84.62 | 33.60 H x
p-Cl¢g 82.36 | 78.03 H r EtS T2.8 81.6 H u
p-Php 83.43 | T7.62 H r | PhyP(0) T77.9 | 95.3 H y
p-Brg 82,38 | 78,21 H r (I.zl)zl’(o) T6.4 91.3 H y
p-HC=C@ 82,92 | 78.83 H r (BtO)zP(O) T3.9 92,2 H y
p—P30¢ 82,08 | 79.49 H r BuzP(O) 82.6 93.8 H '
p-N=CP 81.83 | 81.08 H r BtzP(O) 81.2 93.6 H u
p-N0,¢ 81.59 | 81.74 H r | e-Bu,P 83.4 | 92.9 H u
m-HCSCP 82,5 T8.9 H t thP 82,0 96.3 H y
o-,o-,p-le3¢ 80.1 | 83.3 H u (hzl)zP 83.7 92.5 H y
=C 57.16 | T4.98 H h (EtO)ZP 85,0 91.8 H y
1-PrC(0) 80,87 | 80,00 H v thlP(ciCH) 8C 96.2 H y
PhC(0) 80,52 | 82,16 H v (HCiC)aP 76.2 98.2 H u
MeOOC 84.75 | 68,10 H w | Me.Si 89.28 | 93.71 H n
Et00C 75.09 | 75.38 H h Bt381 86.7T | 95.59 H m
leOOCC,jI'L‘o 84.35 | 68.40 H w Ph3Si 85.47 | 98.46 H J
IeOO(J(!.,H14 84.60 | 68,25 H w 01381 81.46 | 96.66 H h
EtO 89.6 23.4 H u PhZSI(CECH) 83.45 | 98.01 H J




C - R. ref R1 C == ( Rz ref
(p-MePh),S1i(CaCH) | 83.97[ 97.68 I e 75.2 [ 79.3 | Cy0H,, r
(p-MeOPh),S1(C=CH) | 84.17 | 97.55 J| Bt 80.5 | 80,5 | Et aa
IQZSi.(CiCH) 86,38 | 95.41 J | Et 81.3 T8.9 Pr aa
IO3G0 89.13 | 92,27 m| Et 80.3 | 84,9 | i-Pr aa
Et3Go 86.39 | 93.60 m | Et 82,2 80.9 Bu 2
Bu3G0 86.2 | 92,9 u| Et 82.0 | 78.,0- | 8-Bu aa
PhJGc 84.88 | 96.64 J | Bt 79.6 87.8 t-Bu aa
Ph,Ge (C5CH) 82.48 | 95.93 J Et 82.6 | TT.4 | i-Bu aa
(CgFg)Ge(C=CH) 78.06 | 97.10 Jj Et 79.9 | 81.7 | CgHyq e
IoBSn 89.25 | 97.30 bb | Et 79.5 | 81.5 091-11 9 b 4
EtBSn 86,75 | 97.58 m| Pr 80.2 | 80.2 | Pr e
Ph;Sn 84,60 | 97.54 s Pr 80,0 | 80.0 | Hep e
Ph31’b 98.61 | 98.21 s | Pr 79.9 80,2 08H17 b 4
MeQOCCgH, ¢ 84.70 | 68.15 w | i-Pr 84,6 | 84.6 | 1-Pr aa
Me 73.9 | 73.9 b | i-Pr 84.0 | 87.6 | t-Bu aa
Me 74.2 | 80.3 aa | Bu 80.0 | 80.0 | Hex e
Me 74.9 | 78.7 aa | Bu 80,0 | 80.0 | Hep b 4
Me T4.1 | 84,6 aa | t-Bu 86.8 | 86,8 | t-Bu aa
Me 75.4 | 78.8 e | Am 80.5 | 80.5 | Am e
Me 75.6 | 77.8 aa | Am 80.1 80.1 Hex 4
Me 73.3 | 87.6 aa | Me 81.6 | 77.7 CH,OH g
Me 76.0 | 79.7 e | Me 77.9 | 84.4 | C(OH)Xe, 8
Me 75¢3 | 791 [C.H, e | Me 86.4 | 80.4 | Ph co




R cC &= C - R2 ref R1 - C == C - 22 ref
Me 84,7 | 80,2 @OMe-p cc Pr | 94.81] 80.43 | COp(OMe),~m,-p h
Me 85.6 | 80.8 PMe -p cc Bu | 80,75 | 79.45 | C,H;COOMe w
Me 8T.T | T9.6 $Cl-p cec Bu | 68.8 | 56,7 c1 da
Me 88,2 | T9.4 $Cl-m cc Bu | 79.8 | 38.4 Br dd
Me 28,2 | 88,6 OMe u Bu | 96.8 | -3.3 I ad
Me |[105.8 | 7542 p(0)C1, v Bu | 92.0 | 83.1 Ph da
Me [105.2 | T4.3 P(0)Ph, y Bu | 79.0 | 68,3 C&CBu dd
Me 98.4 | 72.8 | P(O)(EMey), | ¥ Bu | 91.15| 81.55| C(0)Me v
Me 9.1 | T1.2 | P(0)(0Bt), v Bu | 92.11( 81,18 | C(0)Pr v
Me [101,3 | 75.4 | P(0O)(C&CMe), ¥ Bu | 91.78 | 81.49 | C(0)Bu-i v
Me [105.T7 | T5.5 PPhg y Bu | 93.12| 80,13 | C(0)Pr-i v
Me |101.4 | 78.7 P(EMe,), v Bu | 95.42 | 80,01 | C(0)Ph v
Me [102.,8 | T1.3 P(C&CMe), | ¥ Bu [108.34 | 81,14 | SiEt, m
Me |101.6 | 80,8 P(0Et), y Bu (110.4 | 81.4 SnMe bb
Me |100,69 | 82,72 Gele h Bu |111,38 | 79.73 | SnEt, m
Me |102.29 | 79.77 GeEt, h Am | 81,40 | 78475 | C,HCOOMe w
Me [105,76| 81.55| SniMe, bb Hex | 81,25 | 78,10 | C,H,COOMe w
Me 75040 | 79.30| C.H,,COOMe w Hex |107.31 | 80437 | GeEt, m
Et 35.7 | 87+8 OEt u Hex {111.,48 | 76,80 GeC1, h
Et 92,4 | 67,0 SMe u Hex (111,47 | 79,79 SnEi:3 n
Et |112,37 |8 432 Sne, bb Hep | 84,00 | 71,35 | CH,COOMe

Et 81,80 | 79.40| C(H,,C00Me w | CgHyq | 90.00 | 72 «95 | COOMe w
Pr 80,35 | 80.00 CgH,,CO0Me w | HOCH, | 83.7 | 83.7 CH,0H e




R, C = ¢ - & - C = ¢ - R, ref
HOCH,, 86.9 [82.4 | CH,OMe n | Ph(Me)C(OH) | 84.9 [ 46.5 Er n
HOCH,, 86.3 | 82.0 | CH,C1 n | CH,=CHCMe (OH)| 82.4 | 44.6 Er n
HOCH, 78.2 | 45.7 Er & | (CHy)gC(OH) 91.6 | 79.0 | CHyEMe, | n
HOCH,CH, |103.9 | 84,0 Sile, & | (CHy)sC(OH) | 94.2 | 74.6 CH,(HNMe,)C1 | n
HOCH, 86.7 | 81.6 | CHyNMe, n | (CH,)gC(0H) 96<9 | 74.0 | CH,NMe,I n
HOCH,, 86.3 | 79.0 CHpHEt, n | HOCH, 104.84 | 89.21| SiMe, h
HOCH,, 92.9 | 75.6 CH NNe,I n | MeOCH, 102.88 | 87,78 GeEt, m
HOCH, 92.2 | 7541 |CH,N(Me)Et,I n | MeOCH, 106.71 | 87.89) SnEt, a
HOCH, 92,2 | 74.6 | CH,N(CH,)s(Me)I | n | CiCH, 104.75 | 89,84/ SnBt, n
HOCH(Ph) | 91.8 | 76,5 cnznnxtzcl‘ n | ErCH, 104,82 | 90.66| SnEt, m
MeCH(OH) | 85.6 | 85.6 | CH(OH)Me g | CiCH, 103.80 | 91.20| SnMe, bb
Me,C(OH) | 43.3 | 91.3 | OBt g | ErCH, 103.82 | 91.65| SnMe, bb
Me,C(0H) | 96.5 | 82,6 CH=CH, n | Bt NCH, 101.12 | 85.00| GeEt, ee
Me,C(OH) | 97.62 | 76.27| CH=CHOMe-c h | 0(CH,) NCH, | 99.11 (82,32 GeEt, ee
Me,C(OH) |102.39 | 78.15| CH=CHsMe-c b | (CH,)GNCH, |101.88 | 84.95| GeBt, ee
Me,C(OH) | 97.33| 77.23 CH=CHOCMe 3~c h | Bt,HCH, 104.84 | 86.78 SnMe, bb
Me,C(OH) (102.31 | 78.83 CH=CHSCMe ,~c h | BtOCH, 106.28 | 88.80| SnMe, bb
Me,C(OH) | 89.69 | 56,09, C=N h | EtSCH, 105.62 | 83.80| SnMe 11
Me,C(OH) | 97.2 |82.6 | C(O)Me n | Et,NCH, 105.04 | 87,27 SnEt, h
Me,C(OH) |100.9 |81.6 | C(0)Ph n | 0(CH,) NCH, |102.24 | 86.55| SnEt, h
Me,C(OH) | 84.3 | 65.1 C=CC(OH)Me, n | CHy=CH 91.38 | 82,20 SMe £4
Me,C(OH) | 85.7 | 43.8 Er n | CH,=CH 92,94 | 80.45| SEt 1
FRCH(OH) | 88.3 |81.0 | CH,NEt, n | CH,=CH 92,26 | 80.84| SPr 44




31 - cC = C - R, ref R, - cC = C 32 ref
CH,=CH 92.35[ 80.95 |SBu ff Ph 107.32 [ 47.95 | TegPF-p h
CH,=CH 97.35| T2.57 |SeMe r Ph 106.94 22 | siBt, n
CE,=CH 98,.82| T1.19 |SeBt £t Ph 106,46 | 91.03 | GeBt, n
CH,=CH 98.84| 71,67 |SePr 44 Ph 110.57 | 91.73 | SaEt, n
CH,=CH 109.66| 49.48 | TeMe 44 Ph 107.62 | 84.38 | GeCl h
CH,=CH 110,78 | 46.14 | TeEt 44 Ph 89,67 | 88.70 | C(0)Me v
CH,=CH 105.24| 92.04 |SiEt, n Ph 90,09 | 88,06 | C(0)Bt v
CH,=CH 104.66| 92.14 | GeEt, n Ph 89.81 | 88.28 | C(0)Pr v
CH,=CH 109.07| 92.68 | SnEt, ™ Ph 90.93 | 87.20 | C(0)Pr-1 v
MeCH=CH-c | 103.0 |100.0 Sie, p Ph 91.66 | 87.15 | C(0)Pn v
MeCH=CH-t | 104.0 | 92,2 Sile P Ph 90.62 | 87.50 | €(0)gOMe-p v
BtCH=CH-c | 101.9 | 99.4 Sile, P Ph 92,54 | 87,02 | 0(0)gBr-p v
EtCH=CH-t | 104.2 | 92.4 Sile P Ph 96,07 | 86.22 | C(0)@gOH-0 h
PrCH=CH-¢ |102.2 | 98.3 Sile P Ph 90,68 | 89.85 | C(0)C®CPh h
PrCH=CH-t | 104.2 | 92.4 Sille , P Ph 91.35 | 87.46 | C(0)g(OMe),-m,-p| h
CH,=CH 69.2 | 68,6 cl o p-MeOF | 92.94 | 86,86 | C(0)Ph v
Ph 98.33| 72.36 | SeMe h p-Meg 92,22 | 87.03 | C(0)Ph v
Ph 103.09| 70.09 | SePh h p-Br¢ 89.98 | 88,08 | C(O)Ph v
Ph 102.87| 71.04 | SegMe-p | h p-HO¢ | 89.47 | 89.24 | C(0)Ph v
Ph 103.90| 69,44 |SegBr-p | h p-MeO@ | 92.88 | 86.49 | C(0)@OMe-p h
Ph 103,57 | 69.75 |Se@Cl-p | h p-Brg 90,30 | 88.40 | C(0)@gOMe-p h
Ph 109,50 | 46.80 | TegMe-p | h p-MeOg | 92.23 | 86,10 | C(0)¢(OMe),-m,-p| h
Ph 108,06 | 46.96 | Te@Cl-p | h PhC(0) | 86.06 | 86,06 | C(O)Ph h




c ¢ R, f R ¢C = ¢ R, Tef
86.89 108.81 CH(OH)Me h MeTe 66,32 66,32 TeMe ii
96,13 94.56 COOH &8 MeSe 79.16 79.16 SeMe ii

101.34 102.59 ¢(o)H &8 (BtO)ZP(O) 78.89 | "97.69 gr-p k
95.43 102.86 C(0)Me 74 (EtO )ZP(O) 79.20 99.47 Ph k
102.07 | 96.63! ¢(0)C1 88 | (Bt0),P(0) | 77.98 | 99.36| @Me~p k
99.18 | 101,23 C(0)Ph &8 (BtO).‘,P(O) 79.62 | 97.39| g@cl-p k
97.70 | 100.12 c(o)ca-cn,‘, gg | (Eto ),‘,P(O) T7.32 | 99.66| @OMe-p k
91.97 95.63 COOBt g8 H=C 63.17 83.20 Ph h
36.68 109.46 OBt h (BtO)zP(O) 96.58 (115,21 Snl.3 bb
110,61 114.94 SiE"3 h Sn!‘t3 114.41 [ 114,41 SnEt.. h
113.02 113.02 Sil03 h IQBSn 112,11 (114,37 GOBtB bb
112,36 112.36 813t3 h lojsn 114.40 {115.08 813'63 bb
98 .08 96.09 SEt h ..BSn 115.36 (115,36 Snl.3 bb
35.93 | 108,20 | OEt h IQBSn 110,55 1117.29 Golo3 bb
108,66 114.84 SiBt3 h njsn 113,03 [117.78 31I03 bb
97.71 94.13 SEt h ..3311 79.56 | 119,60 Bu-t bb
110.02 110.02 Golt3 h I.BSn 80,80 | 108,68 CHZSilo bb
109.96 114.39 SnEt3 h l.ssn 94.64 94.44 OP3 bb
31.67 113.29 OEt h I.an 98B.T7 79.35 CcsN bb
98.41 97.64 | SEBt h Io38n 73.46 | 80,20 O©1 bb
99.03 97.93 Snl03 bb | Me.Sn 85.24 | 61.68| BEr bb
84,78 84.78 SMe ii Me.Sn 33.03 [ 115,07 OMe bb

w




R, c = c - Ra reof l‘l - C == ( - B, ref
Me ,5n 33,98 | 112,50 | OBt bb | MeCH(OH) B1.3 | 67.8 | CSCCH(OH)Me [11
Me,Sn 97.28 | 99.49 | 8Bt bb | Me,C(OH) 84.1 | T4.0 | CuCO(OH)Ne, {11
Me,Sn 110,04 | 91.13 | CcFg bb | Ph 81.7 | T4.0 | CaCPh 1
HC=C 68,21 | 64.45| H kk | MeCsC 67.48 | T9.79| C(OH)Me, kk
HeCeC 69.03 | 63.97| H kk | MeCsC 60,0 | 60,0 | C=Cle m
EtCsC 69,00 | 68,14 | H i1 | MeCsC 89.2 | 82.7 | SiMe, °
BuCsC 68,91 | 64.49| H h | BtcsC T8.T3| 68.14; SMe ii
t-BuC&C 68,72 | 65.67| H h | BtCsC 84.43| 59,58/ Sele ii
HOCH,C=C 6745 68.6 H 11 | EtCsC 95.79| 34.59] Tele ii
(CH, ) HCH,C=C 68,28 | 66,83 | H B | PrCsC 70.5 | 73.8 | CH,0H 11
Me ,C(OH)C=C 67.81 69.29| H kk | PrCaC 68,9 | T7.4 | CH(OH)Me 1
PhCaC 68.35 | 70,90 | H kk | PrCsaC 86.7 | 71.0 | CH=CHCOOMe mm
Me 73.60 | 64,74 | C=CH kk | HOCH,C3C 70.2 | 80.8 | Ph 11
Et 78.50 | 65.40 | C=CH i1 | MeCOOCH,CH, 736 | 66,5 | CS3CCH,CH,00CMe |em
Bu 78.10 | 65.34 | CSCH h | MeCOOCH, 73.9 | 69.8 | CH,COOMe =
t-Bu 85,01 | 64.21 | C=CH h | PhCH(OH) 79.7 | 69.9 | CH(OH)Ph n
HOCH, T4eT 69.7 | C=CH 11 | Bt(Me)C(OH) | 82,9 | 68.9 | C(OH)(Me)Bt 11
(032)55032 73.28 | 69.51 | C&CH h | Me,C (OH)CSC | T4.57| T9.11| Ph xk
Me ,C(OH) 81,05 | 66,70 | C=CH kk | t-BuCaC 62.3 | 61,9 | (c=C) JBu-t mm
Ph 75.06 | T4.,03| C=CH kk | Me.S1i 84.0 | 88,7 [ C3CSiMe, c
Me 72,0 64.8 | CaCMe 11 | Me 76.94| 64.34) CaCC(OH)Me, |Kkk
Bt 78.5 65.4 | CSCEt 11 | Me T4.8 | 65.0 | (C3C),Me mm
HOCH, 7.9 69.3 | C3CCH,0H |11 | Me 76,0 | 65.4 | CaCSiMe, c




Y C - R. ref C 22 ref
Et 83.60 65.22|C=CSMa 1] WeGCC 73.50 | 87.95 CH,CH,C%CC, H,, fw
Et 82,40 | 65,33 CaCSeMe 11| MeOOCCH, 72,30 | 82,45|CH,CH.C8CC, H,. |w
Et 82,57 | 65.66|Caurelie 11| MeOOC(CH,), |79+05 | 79.80 w
Pr 81.5 | 64.7 | CSCCH,OH 11| MeOOC(CH,), |79.80 | 79.95 CH,CH,C=CCgH, o w
Pr 814 | 64,7 |CSCCH(OH)Me 11| MeOOC(CH,), |80.40 | 79.35 CH,CH,CaCHep w
Pr 90.0 | 65,3 |C&CCH=CHCOOMe |mm MeOOC(CH, ) | 80480 | 79.15| CH,CH,C8CHex w
HOCH, 7843 | 7345 |CacCPh 11| Me0OC(CH,)g |80495 | 79400 CH,CH,C5CAm w
Me,C(0H) 87.91 | 67.87(CsCPh kk| MeOOC(CH,); (81410 | 78,95 CH,CH,CSCBu w
t-Bu 8845 | 64.6 |(C3C), Bu-t MeOOC(CH,)g 81,10 | 78.90 OH,CH,C&CPr w
t-Bu(CsC), (61.8 | 61.8 (csc),Bu-t MeOOC(CH,)g 81415 | 78.85(CH,CH,CaCBt w
(cH,);C(O0H)| 8341 | 6842 Cacc(0H)(CH,), MeOOC(CH,),,| 81425 | 78.80|CH,CH,C3CMe w
Me0OC 80450 | 74.60| CH,CSCCOOMe CyqHpg 81445 | 78.50| CH,CH,C&CCH,COOMe| w
Me00C 81.20 | 78.80| CH,CH,CSCCOOMe MeOOC(CH,) /81465 | 78,15 CH,CH,CaCH w
Me00C(CH,);| 80410 74490 | CH,C=CAm Am 80,60 | T4.50 CH,CaC (CH, )5COUMe| w

A.B.Strong, D.Ikenbery & D.M.Grant, J.Magn.Ree., 9, 145 (1973). b R.A.Priedsl & H.,L.Ret-
cofeky, J.Am.Chem.Sco., 83, 1300 (1963). ©

(1976); 25% solution in CDC1,, TMS, 70.2ppm. ¢

T. W, Hearn,

Aust, J, Chenm.,
S.Rang, T.Pehk, E.Lippmaa & O.Eisen, Eesti

29, 2315

ESV Tead.Akad.Toim., Keem.Geol., 16, 346 (1967), e S.Rang, E.Lippmaa, T.Pehk & O.Eisen,
Eesti NSV Tead.Akad.Toim., Keem.Geol., 17, 294 (1968), f Von W.H3bold, R.Radeglia &

D.Klose, J.Chemie,Band 318, Heft 3, 519 (1976); 50% solution in CDCIB, T™MS. & Milton
T.W.Hearn, Tetrahedron, 32, 115 (1967); 25% solution in CD013. TMS, ¥0.1ppm. b
published results; 10% solution in 0014, 06512 or in 03013. TMS .

P.S.Pregosin &

Our un-



B.¥.Randall, "Detemination of Organic Structures by Physical Methods", 1971, 1Y, part B,

3 E.V.Varshavskaja, N.A.Vasneva & A.N.Sladkov, Doklady Acad.Nauk SSSR, 234, 833 (1977);
solution in CH,CI, (54.02ppm from TMS), ¥0.1ppm. K phe results of V.I.Glukhikh from our
laboratory; 20% solution in CDCIB. TMS, #0.02ppm. 1 A.G.Proidakov, G.A.Kalabin & L.D.Gav-
rilov, Proceedings of All-Union Meeting on Acetylene Chemistry, Baku, 1979, p. 87; 10%
solution in nezco. TMs, ¥0.02ppm. B ,.G.Proidakov, G.A.Kalabin, R.G.Mirsxov, M.P.Ivanova
& A.L.Kugnetsov, Izv.Acad.Mauk SSSR, ser.khim., 1378, 94; 30% solution im CCl,, TMS,
¥0.02ppm. D mhe results of T.V.Sotnichenko; 50% solution in D,0 or in CGB . J .Kowalew-
ski, M.Granberg, F.Karlseon & R.Vestin, J.Magn.Res., 21, 331 (1976); solution in (0D3)200
ous. P umilton T.W.Hearn, J.Magn.Res., 22, 521 (1976); 25% solution in CDCIS, TMS,¥0.2ppm
49 g.A.Kalabin, V.M.Bzezovsky, B.A.Trofimov, D.F.Kushnarev, A.N.Volkov, A.G.Proidakov,
N.R.Kudyakova & A.N.Kbhudyakova, Izv.Aoad .Nauk SSSR, ser.khim,, 1978, 1833; 40% solution
in C 31 , TMS, ¥0.02ppm. T p.A.Dawson & W.P.Reynolds, Can.J.Chenm., 373 (1975); O.4M
solution in 001‘. T™S. ® L.Klasinc, I.V.EKnop, H-I.Heiners & W.Zell, Z,Naturforsch, 27s,
1772 (1972); 20% solution in 0014. TMS . t G.G.Levy & G.L.Nelson,"Carbon~13 Huclear Magne-
tic Resonance for Organic Chemists", N-Y-L, Acad.press, 1972. u D.Rosenberg & W.Drenth,
Tetrahedron, 27, 3893 (1971); D.Rosenberg, I.W.de Haan & W.Drenth, Rec,Trav.Chim., 87,
1389 (1968); neat, CH (d = 8 o g *+ 65-50Pm = dpys + 194-2ppm).  G.A.Kalabin,
A.G.Proidakov, L.D.Gavrilov & L.I.Veretchagin, %.org.khim., 13, 493 (1977); solution 1n
(¢} H1 , THMS, ¥0.02ppm. ¥ J.Bus, I.Sies & M.S.F.lie Ken Jie, Chem. and Phys. of Lipids, 18,
130 (1977); 0.2-0.5M solution in cD013, TMS, ¥0.1ppm. X A.G.Proidakov, G.A.Kalabin,
G.S.Lyashenko, A.Eh.Filippova & ¥.S.Vyazankin, Izv.Acad.Neuk SSSR, ser.khim., 1380,

10% solution in 0014. PMS, ¥0.02ppm. Y R.M.Lequan, M.-I.Ponet & M.P.Simonnin, OMR, T,

392 (1975); 50/50(v/v) solution in CDCI3 or C.He, TMS. ©® G.Guellerm, M.Lequan & M.P.Si-



monnin, Bull.Soc.Chim.France, 1973, 1649, 22V,A,Pestunovich, E.0.Tsetlina, M.G.Voronkov,
E.E.Liepinsh, E,.T.Bogoradovsky, V.S.Zavgorodnii, V.L.Maksimov & A.A.Petrov, Doklady Acad.
Nauk SSSR, 243. 149 (1978); 50% solution in 0C1, or C¢H,, ( 27.50ppm from EMS),
#0.03ppm, b Jo-d.Kornprobst & J.-P.Doucet, J.Chim,Phys., 71, 1129 (1974); 10% solytion
in cCc1, ( 3“"- 96.0 ppm from TMS), #0.1ppm. °® K.Izawa, T.Okuyama & T.Fueno, Bull.Chem.
Soc.Japan, 46, 2881 (1973); neat, s, ( Jc. = 193,.7ppm from TMS), ¥0.2ppm. dda D.D.Trafi-
cante & G. E.laciel J.Phys.Chem., 63, 1348 (1965); neat, CSHS ( dc H,™ 128 .7ppm from TMS),
F0. 4ppm. ® M.G. Voronkov, R.G.Mirskov, A.L.Kuznetsov & A.G, Proidakov, Izv.Acad .Mauk SSSR
ser.khim., 1978, 1452; 30% solution in CCl,, TMS, ¥0.02ppm. T¥ S.I.Radchenko, A.S.Khacha-
turov & B.I.Ionin, Z.org.khim., 14, 680 (1978); 30% solution in CDC13. TMS, ¥0.02ppm.
A.G.Proidakov, G.A.Kalabin, N.I.Golovanova, V,B,Pukhnarevich, N.G.Shergina & M.G.Vo-
ronkov, Izv.Acad.Nauk SSSR, ser.khim., 1979. 462; 20% solution in CCl‘. TMS, #0.02ppm.
G.A.Kalabin, A.G.Proidakov & S.I.Radchenko, Zh.org.khim., 16, (1980); 30% solution
in CDCl;, TMS, ¥0.02ppm. X A.N.Volkov, Yu.M.Skvortsov, A.G.Malkina, G.A.Kalabin,
A.G. Proidakov & B.A.Trofimov,Zh.org.khim., 14, 938 (1978); 40% solution in CGH 129 TMS,
¥0,02ppm. ™ R,.Zeisberg & F,Bohlmann, Chem.Ber., 107. 3800 (1974). T, W, Hearn,
OMR, 3, 141 (1977); 25% solution in CDCl,, TMS, ¥0.2ppm.
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